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ABSTRACT 

 

 

 The purpose and focus of this research was on studying the hazard to Florida’s coastal 

bridges from storm surge induced wave forces inflicted on the bridges during hurricanes.   It has 

been observed in recent years that bridges located in the coastal environment are vulnerable to 

deck unseating during the applied loading of storm surge wave forces.  The goal of the research 

is to use modern and up-to-date analysis methods to address the risk and vulnerability of coastal 

bridges to being damaged from storm surges during hurricanes along Florida’s coastline.  

Implementing the current analysis methods will be useful for determining the magnitude of wave 

parameters and coinciding wave forces imposed on structural elements of a bridge 

superstructure.    It is also the intention of this manuscript to address the need for an analysis of 

the entire network of Florida’s coastal bridges, not just one specific bridge case study.  This has 

been regarded as one of the largest limitations of current analysis in this field of work.  This 

research provides an improved understanding of addressing bridge vulnerability from hurricane 

hazards on both local and network level as well as providing further insight into preventing and 

limiting the amount of damage that can occur during the event of a major hurricane making 

landfall. 
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CHAPTER 1 

INTRODUCTION 

 

1.1 Background 

Florida is home to thousands of bridges, 11,451 to be precise.  Bridges are a critical 

component to our state’s infrastructure.  They are found in every niche of the state, from the 

Panhandle to the southern tip of the Florida Keys.  Florida also experiences multiple 

environmental hazards such as floods, fires, tornados, and hurricanes; each having the capability 

to very seriously affect the structural integrity of these bridges.    The loss of a bridge due to an 

environmental hazard can have a very adverse effect on the successful operation of the state’s 

infrastructure.  When occurrences like this happen, it can have very negative impacts on the 

surrounding area.  There is a large economic burden on the local, state, and federal governments 

redesigning and rebuilding a failed bridge, especially one that is large in size and located in a 

highly traveled area.  Losing the use of a bridge for any reason can potentially create major 

transportation issues for commuters.  It can even have negative effects on the local tourism 

industry and the nearby businesses that depend on the use of a bridge to provide their clientele 

access to provide the patronage needed to stay in business.  Below is an illustration of the various 

types of bridges that are found in the coastal environment. 

 

 

Figure1.1:  Examples of Typical Coastal Bridge Types (FHWA, 2012) 
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In Florida, historically the extent of bridge damage observed from exposure to storm surges 

during a major hurricane has been shown to be relatively low.  Damaged lights and signs, scour 

in the channels along the bridge substructure, and damaged mechanical and electrical 

components from water inundation were the types of bridge damage that were commonly seen 

during the event of hurricanes making landfall.  However recent bridge failures in 2004 and 2005 

have drawn national attention to the capable impact of hurricane induced waves on bridges.  In 

September of 2004, a category 3 hurricane named Hurricane Ivan struck the gulf coast of Florida 

bringing infrastructure damage of which Florida had not experienced previously.  During the 

storm, a major arterial bridge along I-10, which spans 2.7 miles across the Escambia Bay, was 

completely destroyed.  The high waters created from the storm surge combined with the bridge’s 

low clearance caused the 2.7 mile long structure to collapse into the bay.  This was the first time 

in Florida’s history that a hurricane caused complete structural failure of a bridge superstructure.   

Just one year later, Hurricane Katrina caused even further significant damage to the 

transportation system in the Gulf Coast.  In 2005, Katrina decimated the southeastern part of the 

United States.  Most hardly hit was the New Orleans region of Louisiana.  The storm lasted just a 

few short hours but brought with it record costs of damage to the gulf region.  Hurricane Katrina 

unleashed a level of destruction and devastation that would have it become regarded as one of 

the worst natural disasters in US history in terms of both loss of life and property.  After the 

storm passed, the region’s infrastructure was left completely crippled, especially the bridge 

network.  All in all, forty-four brides were in need of repair or replacement.  The overall cost to 

repair and replace the 44 bridges damaged from the storm is estimated at over $1 billion (Padgett 

2008).  There is a strong need to identify bridges, like those mentioned above, that are at risk to 

the various destructive hazards that occur in Florida and address these bridges’ vulnerability of 

damage occurrence. 

 

 

1.2 Scope of Research 

 

In order to perform a complete investigation of the impact and risk of coastal bridges 

susceptible to hurricane storm surges, multiple areas of study were required to be undertaken.  
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First and foremost in the study is the gathering of current information and literature available.  

These sources include but were not limited to technical journals on addressing various 

environmental hazards on bridge structures, review of current databases such as NBI and 

PONTIS database, bridge damage reports from hurricanes of years past in not only Florida but 

other coastal states as well, current analysis methods for estimating storm wave parameters and 

wave induced forces, and current governing Code and Specifications relevant to the study.  A 

more detailed explanation of these information sources is described fully in Chapter 2 of the 

manuscript. 

The next major part of this research is determining the procedure for analyzing the 

vulnerability of a specific coastal bridge to a major hurricane and then implementing it on a case 

study bridge in Florida’s coastal environment.  The first will be done by identifying the most 

accurate and reliable analysis methods that exist to date.  These methods are described in 

complete detail in Chapter 3 of this Thesis.  Once the chosen analytical methods are identified, 

the next task of the study is implementing those methods on one of Florida’s coastal bridges.  A 

case study bridge will be chosen in this study to best represent the bridge type most relevant to 

those determined to be most vulnerable to said hazard based on past empirical evidence.  This 

bridge and all of its pertinent information can be found in Chapter 4.  In Chapter 5, the bridge 

under investigation will be evaluated to determine its’ estimated level of vulnerability to critical 

damage from exposure to the storm surge waves occurring during a major hurricane striking at 

the bridges location. 

After implementation of the risk assessment to a specific bridge case study, Chapter 6 of this 

thesis will address implementing the analysis procedure to the entire network of Florida’s coastal 

bridges.  This will be done by first investigating current bridge databases available and 

generating a bridge database specific to only coastal bridges located in Florida.  A spreadsheet 

will then be presented in this section, with the goal of conducting the vulnerability assessment on 

all of the bridges in the coastal database.  This will be a very useful tool to identify any of 

Florida’s coastal bridges that are at risk of being damaged during a major hurricane.   

    The remaining parts of the research focus on the following: discussing various 

implementation techniques to mitigate at-risk bridges, limitations to the research, and suggested 
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future work to be performed.  This research topic is very much a work in progress still and 

requires continued investigation and contribution of scholarly works. 

  

 

1.3   Significance of Study 

 

This study will hopefully be found to be very valuable to the Florida Department of 

Transportation.  The economic and societal burden of losing the successful operation of a 

bridge during a hurricane has the potential to have a very adverse effect on the area impacted 

by the storm.  The aftermath of the damage from past hurricanes has had immeasurable costs 

to the livelihoods of those affected from it.  Regions hit hardest by these storms take years to 

recover, and in some extreme cases, never are the same again.  After completing this study, it 

is hoped that a large step in the process towards limiting the severity of these disasters has 

been made.  After seeing the potential damage capable of occurring from Hurricanes Ivan 

and Katrina it is evident that there is a need to evaluate Florida’s coastal bridges vulnerable 

to these storms and have action taken to limit the damage before it becomes too late.  This 

study is not intended to be a complete solution; it is work in progress that will need continued 

effort in the future before Florida can feel fully comfortable with the vulnerability of its’ 

coastal bridge network.  It will however provide a large contribution towards improving the 

safety and durability of a critical component to Florida’s infrastructure.   
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CHAPTER 2 

CURRENT LITERATURE TO DATE 

 

2.1 Environment Hazard Assessments 

 

Adey, Hajdin, and Brühwiler (2003) provides useful insight into the methodology used 

to approach identifying and quantifying the risk a certain bridge is susceptible to from various 

environmental hazards.  The authors first identify the possible hazards the bridge could be 

exposed to by visual inspection and sound engineering judgment.    Equations were then 

established for both the resistance of the structure to loading and also the for the action effects 

occurring on it.  The action effects are the forces and moments induced on the structure due to 

heavy loading from the hazards such as hydraulic forces from flood waters. 

After all the various relationships and limit states were established, the probability of 

occurrence could then be determined.    These probabilities served as their basis for decision 

making in bridge management strategies.  This article justified the idea that a risk-based 

approach could be used in determining the probability of structural failure due to the various 

environmental hazards. 

 

Mayet and Madanet (2002) address earthquake hazards in California, an area where 

seismic consideration is usually the governing design factor.  Although seismic hazards are not 

of concern in Florida, this article does provide useful insight in how to approach quantifying the 

risk of structural failure due to an environmental hazard.  Their approach to risk analysis for 

seismic hazards can be generalized for other natural phenomena such as hurricanes, flood, or 

fire, thus justifying its relevance to the literature review.  This study only considers earthquakes 

of engineering interest; in other words, earthquake events that are of a strong enough magnitude 

on the Richter scale to pose a threat to the structural integrity of the bridge.  This is an important 

concept to incorporate for performing a hazard risk assessment; hazards of minor magnitude 

shall be regarded as insignificant to the study.  A fragility curve, also referred to as a damage 

probability matrix, is developed in this study. A fragility curve is a correlation between a certain 

measurable parameter of the hazard being investigated, in this case ground motion, and the level 
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of damage to the given bridge from that parameter. Developing fragility curves requires a good 

amount of empirical data collection and can be used for predicting the probability of a certain 

damage level from the occurrence of a specific event. 

 

Lazo et. al. (2008) quantifies risk of various Florida bridges for both man made risks 

such as terrorist attacks and natural hazard risks from fires, floods, tornadoes, and hurricanes.  

Lazo utilizes a risk score expression to quantifying the level of risk and vulnerability of Florida’s 

bridges as shown below.   

 R= O*V*I  where:   R = Risk Score 

      O = Probability of Occurrence 

 Vavg. = Weighted Average Vulnerability Factor  

 Iavg. = Weighted Average Importance Factor 

 

Lazo (2008) defines the weighted average vulnerability factor as a measure of potential to 

suffer harm or loss in terms of sensitivity and reliability.  This factor will take into account the 

AADT, year built, reconstruction year, bridge length, bridge width, bridge material, health index, 

and sufficiency rating of the bridge being investigated.  The probability of occurrence is the 

probability of the hazard occurring at the location of the bridge under investigation.  Lazo (2008) 

defines the weighted average importance factor as a measure of the level of significance the 

bridge is if it experienced harm or loss in terms of economy and use demand.  The importance 

factor accounts for the AADT, number of lanes, and county population.  The value for the 

Importance and Vulnerability factor of each category is determined by interpolating a value 

scaled from 1 to 10 by the observed spectrum of values of that category in Florida’s bridge 

database.  A weighted average of all the individual factors is then calculated, ending up with a 

final averaged vulnerability and importance factor.  The product of these two averaged factors, 

along with the probability of occurrence will be the risk score of that particular bridge to 

whatever hazard is being addressed.  This is one of the more simple approaches to developing a 

risk score and can be very useful for application on a network level since network level analysis 

incorporates these databases. 
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2.2   Bridge Failure Modes during Hurricanes 
 

Consolazio et al. (2010) developed and improved expressions measuring the probability 

of structural collapse due to the hazard of vessel collision on a bridge substructure. The 

probabilistic collapse expressions developed in this study are meant to serve as an aid in the 

design of bridges for vessel collision.  Through the use of advanced probability analysis, along 

with the aid of advanced finite element analysis of barge-pier collision simulations, the authors 

propose new structural component designs to better withstand vessel impact at the critical impact 

locations they have determined. The methods for their development of the probability 

expressions for vessel collision can also be applied to addressing other hazards such as 

hurricanes, fires, and floods.  The most significant contribution of this journal to the literature 

review is how the authors approached identifying which bridges to select to undergo study.  

From this research it is shown that it is very important to select a spectrum of bridges that is most 

applicable to the type of hazard and failure mode being addressed.  For deck unseating during the 

event of a major hurricane, the bridges of interest are low elevation, simply supported, concrete 

slab and girder bridges that cross coastal waterways because these are the bridge types that 

historically have shown the worst damages.     

 

Padgett et al (2008) uses empirical data from bridge damage during recent Hurricanes to 

develop probabilistic bridge vulnerability estimates through statistical analysis.  The dataset 

collected in order to perform the statistical analysis of the bridge damage during hurricane uses 

the 2005 Hurricane Katrina reconnaissance which the results are presented in Padgett’s Bridge 

Damage and Repair Costs from Hurricane Katrina (2008).  Data was collected from the national 

bridge inventory database for locating bridge numbers, characteristics, and geographic 

coordinates for the damaged bridges as well as for the total bridge set within the surge region.  

Surge estimates developed by FEMA were also used.  Surge elevations were interpolated from 

GIS from the surge contours.  The last dataset employed in this study is the output of a Katrina 

hindcast developed by researchers at the University of Notre Dame which was used to estimate 

water velocity and wind speed estimates experienced during the storm.   

With this empirical data, the author develops estimates of the conditional probability of 

meeting or exceeding different damage states, given the surge elevation at that location.  Padgett 
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(2008) then makes point estimates of exceedance probabilities for the undamaged bridges in the 

region by directly comparing the hazard at the damaged bridge locations relative to the 

undamaged bridges.  In this article all low-elevation, multi-span, simply supported, concrete 

water crossing bridges were chosen.  By doing this, Padgett develops damage probability 

matrices which are then presented in the form of fragility curves.  The fragility curves developed 

can be used in validation of future analytical studies that simulate bridge damage from surge and 

wave action in hurricanes.  Possible uncertainty in the fragility curves can be due to both the 

limited damage data available from the Katrina bridge inventory data and also bias from the 

specific storm and site characteristics.  The author states “Regression analysis using this 

information provides the first set of fragility curves for bridges subjected to hurricane induced 

storm surge hazards. These statements of conditional probability of failure can be used in 

estimating damage potential for similar coastal bridges”, validating their use for an estimate for 

future coastal bridge damage in other areas, given the predicted storm surge heights are known. 

 

 

2.3   Current Code and Specifications 

 
Sheppard and Martin (2009) on Wave Loading on Bridge Decks, further refine the 

analysis of wave loading on bridges during hurricane induced storm surges in the coastal 

environment.  The paper provides an investigation of wave loading on bridge superstructures and 

a methodology for predicting these loads through test simulations.  The authors apply physical 

model wave-load tests on various bridge types and configurations to determine empirical 

coefficients used to develop parametric wave force equations for use in AASHTO specifications.   

The tests were performed in a wave tank 6 ft deep, 6 feet wide and 120 feet long.   These tests 

are meant to simulate waves in water bodies with limited fetches such as bays, harbors, and 

coastal waterways.  These waves are shorter in length than those in the open ocean and their 

wave forces are more complex to estimate without experimental simulation.  The wave tank tests 

started with a simple flat plate being exposed to various wave- load simulations and progressed 

to a model girder type bridge with overhangs and rails.  Each component that was added as the 

tests progressed was done so one at a time so that the determination of each of their individual 

effects on the results could be properly accounted for in the simulation testing. 
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This testing has led to the most significant and up-to-date predictive analysis equations of 

surge induced wave loading on bridge superstructures.  Using the empirical drag and inertial 

coefficients determined from the test results, the predictive equations that were developed from 

this laboratory simulation gave predicted results that are supported by the actual results observed 

from the I-10 Escambia Bay bridge damage during Hurricane Ivan in 2004.  According to 

Sheppard (2009), the equations did a good job of predicting both the cases where the wave loads 

exceeded and did not exceed the structural resistance (dead weight plus tie downs) of the 

superstructure.  With the success of the predictive equations developed from the results of the 

experimental wave load testing, we can validate the use of Max Sheppard’s  empirical equation 

coefficients used in his method suggested in “Design guides for bridges vulnerable to coastal 

storms” to address at-risk coastal bridges under storm surge with some greater confidence.  

Sheppard’s equations are currently the most accurate and applicable for predicting the dynamic 

wave parameters needed to predict the magnitude and behavior of wave forces during a 100 year 

storm in the coastal environment. 

 

Kulicki et al. (2010) provide valuable information for the current status of addressing 

bridge risk from storm surges during hurricanes.  Their paper identifies both where the risk 

analysis is to date as well as what work needs to be performed in the future.  From the research 

performed by Max Sheppard at the University of Florida’s Civil and Coastal Engineering 

Department, Kulicki and Modjeski develop the predictive parametric equations for wave load 

forcers providing knowledge and insight into developing the most current storm surge analysis 

and design guidelines for Florida’s coastal bridges.  According to Kulicki (2010), all the previous 

storm surge analysis methods in existence prior to OEA’s Physics Based Model have proven 

either too conservative due to over-simplifications, or too limited in applicability due to the fact 

that they are not intended for application to submerged structures when compared with OEA’s 

PBM method.  From the determined wave parameters in this method, the development of 

parametric equations predicting various wave forces is now underway.  Among these forces are 

the maximum vertical uplift force, the average vertical uplift force, the maximum horizontal 

force, the average horizontal force, the vertical slamming force, and the overturning moment.   
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2.4    Similar Applications in Other States 

 

 

Hayes et al. (2008) in a thesis addresses risk based hazard to the state of Delaware’s coastal 

bridges based on the hurricane storm surge model developed by Max Sheppard (2009).  The 

thesis assesses vulnerability of coastal bridges to storm surge and wave forces of Delaware’s 

bridge inventory based on the work of Florida hurricane studies.  The study performs trial 

assessments on three Delaware coastal bridges based on the three-level vulnerability analysis 

procedure developed by Max Sheppard and Ocean Engineering Associates, Inc (OEA) for 

Florida’s coastal bridges to see how applicable this procedure is for coastal bridges on the 

Middle Atlantic Coast.  Hayes performs the Level I analysis, which is the most conservative and 

simplified, and if a significant threat exists, a higher level (II or III) analysis would be warranted 

and performed.  Hayes writes that the code states Level II and III analyses shall be conducted by 

a qualified coastal engineer. 

After implementing this method on the three case study bridges chosen along Delaware’s 

coastline, it was shown that all of these bridges were assumed to be not vulnerable to damage 

from storm surge waves from hurricanes according to the criteria presented in Max Sheppard’s 

method.  The article will prove a useful example for applying this storm surge vulnerability 

assessment on Florida’s coastal bridges and may also prove insightful in developing a method to 

apply this analysis approach to a network system of coastal bridges in Florida’s bridge database.   

 The relevant applicable codes Hayes uses in his thesis are AASHTO LRFD Bridge Design 

Specifications, Shore Protection Manual of the US Army, Coastal Engineering Manual, and Max 

Sheppard’s Guide Specifications for Bridges Vulnerable to Coastal Storms.  
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CHAPTER 3 

ANALYSIS METHODOLOGY 

 

3.1    Physics Based Model Design Wave Parameters 

 

 There are two major steps required to be performed on a coastal bridge when 

implementing OEA’s Physics Based Model (PBM) method for the risk analysis of potential deck 

unseating of a bridge superstructure from storm-surge induced wave forces.   The first step is 

determining all of the parameters of the design wave that will occur at the bridge location during 

the landfall of a major hurricane (design storm).  This analysis will be useful for identifying 

whether or not the bridge will be susceptible to wave force loading on the superstructure.  This is 

accomplished by comparing the estimated elevation height of the wind generated waves 

combined with the increased storm surge elevation generated during the hurricane to the 

elevation of the lowest member of the bridge superstructure.  The AASHTO Guide 

Specifications for Bridges Vulnerable to Coastal Storms (AASHTO 2008) states that an 

important criterion for bridges at risk defined by this method requires that “Vertical clearances 

of highway bridges should be sufficient to provide at least 1 ft of clearance over the 100-yr 

design wave crest elevation, which includes the design storm water elevation.”  This will provide 

the basis for whether or not a coastal bridge will be considered at risk to deck unseating.  Deck 

unseating is the typical mode of failure of a bridge superstructure exposed to storm surge wave 

loading.   

 In using this method, only the Level I analysis will be performed.  Levels II and III are 

warranted when results of Level I analysis justify them by not meeting the one-foot-clearance 

mentioned earlier.  Level I analysis is considered to be the simplest, least accurate, and generally 

most conservative of the three levels of analysis in regards to the magnitude of predicted forces.  

Level II analysis is a mid-level approach which is based on using improved data usually 

determined through simulations of the sea state.  Level III analysis is by far the most complicated 

and utilizes advanced numerical simulation of the seas state, shallow depth modeling, and 

advanced determination of wave parameters.  The higher levels of analysis (Levels II and III) are 

beyond the scope of this study and are to be performed by a qualified coastal engineer only 

where warranted.  The required information needed in order to perform a Level I analysis is the 
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bridge location, the one hundred-year design wind speed, the maximum fetch length and 

orientation relative to the open coastline, the one hundred-year storm surge elevation and the 

mechanisms considered in its determination, and the bathymetry.   

If the 100-Year coastal storm wind speeds (U100-Year) exist at the site, then these values 

should be used for the base design wind velocity.  If not, the 100 year wind speeds will be taken 

as 107 percent of the ASCE 7-05 3-Second gust wind speeds.   These charts are based on a 50 

year storm and can be seen in the Appendix section of this manuscript.  Conversions to ft/sec 

from mph of the wind speed for use in the analysis will be performed. 

 

U100-Year = 1.07* U50-Year     (Eq. 3-1) 

 

Fetch length is defined as the horizontal distance over water in which wind generated 

waves are formed measured from the location of the bridge.  Below is a graphic example of how 

fetch length is measured.  The center point of the propagating lines is the location of interest that 

the fetch length is being measured from.  The longest line will be taken as the governing fetch 

length distance as it provides the greatest distance for the generation of waves.       

 

 

 

Figure 3.1.1: Graphic Example of Measurement of Fetch Length (JONSWAP)   
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 Bathymetry can also be referred to as the submarine topography of the area of interest.  

The pertinent information required from the bathymetry for this analysis is the average water 

depth of the body of water across the fetch length distance.  The 100-Year storm surge elevation 

is the increased mean water height of the body of water that will occur due to the occurrence of 

the 100-Year design storm.  Both the still-water height of the 100-year storm surge and elevation  

of the bridge low member are measured in reference to the North American Vertical Datum 

which is a national reference elevation datum standard for North America.   

The fetch length, bathymetry, and the 100-Year storm surge elevation should be taken 

from the best available source (e.g., Federal Emergency Management Administration (FEMA), 

National Oceanic and Aeronautical Administration (NOAA), State agencies, or other reliable 

sources). 

 

  

 

Figure 3.1.2: Nomenclature for Physics Based Model Wave Parameters (AASHTO, 2008) 
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3.2 Physics Based Model Design Wave Forces 
 

 

The second portion of the Physics Based Model for storm surge analysis is the 

determination of estimated wave forces imposed on the bridge superstructure based on the wave 

parameters determined from the PBM Level I wave parameters.  There are three separate design 

cases, or load combinations, that are to be looked at for wave forces applied to the bridge 

superstructure.  The worst of these three load cases will be used for design as the governing load 

case of wave forces acting on the superstructure that are to be resisted.  For bridges already in 

existence, these forces will be useful as a reference to the magnitude of loading imposed on the 

existing structure. Typically in the analysis method, these load cases are intended to be mainly 

used in the design phase.  They are most useful when the structure is in the stage where it can be 

designed to withstand these dynamic lateral forces.  

Design Case I is the scenario where the maximum vertical uplift force, slamming force, 

the average horizontal force occur, and the associated average  overturning moment on the 

structure.  Design Case II is the scenario where the loads are the average vertical uplift force, the 

slamming force, the maximum horizontal force, and the average overturning moment.  Design 

Case III is the effect of prorated overhang design forces.  For the analysis performed in the next 

chapter, only Design Case I is performed in the wave forces section as it is intended to provide 

an understanding of the magnitude of forces generated during the storm, not a strength design.  

Below are figures of the three load cases and the associated forces applicable to them. 

 

 

 

Figure 3.2.1:  Design Case I - FV-Max with Associated Forces (AASHTO, 2008) 
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Figure 3.2.2:  Design Case II – FH-MAX with Associated Forces (AASHTO, 2008) 

 

 

 

 

 

 

 

Figure 3.2.3:  Design Case III – Assumed Prorated Overhang Design Forces (AASHTO, 2008) 
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CHAPTER 4 

DESCRIPTION OF INVESTIGATED BRIDGE 

 

4.1    Bridge Selection Criteria  

 

 When choosing a bridge to be selected as the case study for the PBM coastal storm surge 

analysis in this study, the type of bridge design chosen was very important.  The bridge that was 

selected to be analyzed was chosen based on engineering judgment from three major 

contributing factors.  The first and most important of these three decision factors is that the 

chosen bridge design type should best represent those which have shown to be most vulnerable 

to damage during the occurrence of hurricanes.  From information attained during the literature 

review, it was determined that the bridge type most vulnerable to damage, excluding bascule 

(moveable) bridges, are multi-spanned, non-continuous, concrete slab-on-girder bridges.  Due to 

the nature of their design and construction, these bridges have historically shown the most 

frequent and significant levels of damage during hurricanes.  Bascule bridges usually were found 

to have considerable damage done to the electrical and mechanical components due to water 

inundation during the storm.  However, this research is primarily concerned with the structural 

nature of bridge damage during hurricanes.  

 In the damage report histories of both Florida and other states (found in Appendix C), it 

can be seen that the majority of bridges which experienced significant structural damage during 

the landfall of hurricanes were bridges of this design type.  Shown below are images of bridge 

damage observed from exposure to a major hurricane.   These photos were taken of the aftermath 

of Hurricane Katrina showing the potential damage to bridge superstructures during the event of 

a major hurricane.  All of the bridges shown in these figures are multi-spanned, concrete, simply 

supported, slab-on-girder bridges.   



 

 

17 

 

                

Figure 4.1.1:  Bridge Deck Unseating during Hurricane Katrina          Figure 4.1.2:  Loss of Bearing Connectivity in Spans             
       (Padgett, 2008)      (Padgett, 2008)    

 

 

             

Figure 4.1.3:  Span Unseating of US-90 Bay St. Louis Bridge                          Figure 4.1.4:  Parapet Damage due to Storm Surge 

       (Padgett, 2008)                   (Padgett, 2008)     

  

 

The second factor involved in making the decision of which bridge design type should be 

chosen for analysis is one that would be most representative of the typical coastal bridge type 

found along Florida’s coastal regions.  Multiple types of coastal bridges were found along 

Florida’s coastline when investigated.  The demographic of Florida’s coastal bridge design types 

seen below in Figure 4.1 shows that slab-on-girder bridges are by far the most abundant design 

type in existence along Florida’s coastal regions.  The data was especially beneficial in helping 

to make a selection because it coincided with the rationale of the first decision factor. 
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Figure 4.1.5:  Demographic of Florida’s Coastal Bridge Design Types (Sobanjo, 2012) 

  

 

At this point in the selection process, the bridge design type for analysis has already been 

determined.  The last contributing factor in the selection process was used to select the specific 

bridge chosen to be used.  The specific bridge chosen must have the necessary information to 

perform the analysis be readily available.  Many of Florida’s coastal bridges do not have readily 

available the parameters and information needed to successfully perform the PBM hurricane 

analysis.  A few of the important parameters that guided the decision process where the fetch 

length, low member elevation, and average water depth across the fetch length distance.  After 

all of the considerations were made, the bridge chosen to be analyzed was the original I-10 

bridge over Escambia Bay.  This bridge fits all of the qualifications required.  By using this 

bridge, a relative comparison between the results of the analysis performed and the damage 

observed from real life conditions can be made.  If the analysis shows that the bridge is at risk to 

structural damage to the superstructure then confidence in the quality of analysis output would be 

achieved.   
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4.2     I-10 Bridge over Escambia Bay 

4.2.1 Bridge Background: 

 The case study bridge chosen to be analyzed is the original I-10 bridge that collapsed 

during Hurricane Ivan in 2004, not to be mistaken with the new I-10 bridge that replaced it.  The 

storm that destroyed the bridge, Hurricane Ivan, was a category 3 hurricane on the Saffir-

Simpson scale when it made landfall on the Southeastern part of the United States.  When Ivan 

struck Escambia Bay, the elevated storm surge height along with the large waves generated by 

the hurricane force winds barraged the structural members of the I-10 Bridge causing the bridge 

deck to “unseat” itself from the pier caps and collapse into the bay waters.   

This unseating occurs by a lateral and vertical dynamic wave load simultaneously applied 

to the structure.  These members were designed to be held in place by the gravity loads of their 

own self weight.  When the wave loading was applied the vertical up-force on the bridge deck 

reduced this gravity-only self weight.  With the lessened self weight of the structure from the 

wave forces, the lateral loading being applied from the waves exceeded the frictional resistance 

between the pier caps and the bridge girders, thus displacing the bridge deck off of the pier caps 

and causing superstructure to collapse. 

 

  

Figure 4.2.1.1:  Damaged Sections of the Escambia Bay Bridge (Sheppard, 2010)  
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4.2.2 Bridge Location: 

The I-10 Bridge over Escambia Bay is located in the northern-most portion of the Gulf of 

Mexico just off the coast of the Florida panhandle. The original Escambia bay bridge is a simply 

supported, multi-span, concrete, slab-on girder bridge that spans a total length of 2.7 miles. 

 

 

 

Figure 4.2.1.a:  Location of I-10 Bridge over Escambia Bay (Sheppard, 2010) 
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Figure 4.2.2.1.b:  Location of I-10 Bridge over Escambia Bay (Sheppard, 2010) 

 

 

4.2.3 Bridge Analysis Parameters 

 The necessary bridge parameters required in order to perform the PBM storm surge 

analysis are shown below in the following figures.  The fetch length is determined to be 11 

miles.  The average water depth over the fetch length is approximately 25 ft deep.  The low 

member elevation of the bridge superstructure was by subtracting the deck thickness and girder 

height shown in the bridge’s structural drawings from the elevation of the roadway which is 
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taken as 16’-4” above the normal mean water level (16.33 ft-NAVD).  The storm water level 

(SWL) of the 100-year storm surge is 11 ft-NAVD.  

 

 

 

Figure 4.2.3.1:  Fetch Length of I-10 Bridge over Escambia Bay (Sheppard, 2010) 
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Figure 4.2.3.2:  100-Year Storm Surge Water Level (SWL) from Bridge Plans (Sheppard, 2010) 



 

 

24 

 

 

Figure 4.2.3.3:  Deck Thickness from Bridge Plans (Sheppard, 2010) 
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Figure 4.2.3.4:  AASHTO Type III Girder Height from Bridge Plans (Sheppard, 2010) 
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CHAPTER 5 

I-10 ESCAMBIA BAY BRIDGE STORM SURGE RISK ASSESSMENT 

 

5.1   PBM Design Wave Parameters 

Before the PBM Wave Analysis can be started, the required bridge parameters and 

constants must be defined.   

 

The first step in the PBM analysis is the calculation of the 100-Year Base Design Wind 

Speed (U100-YEAR), also referred to as the surface wind speed, from the ASCE 7-05 Wind Map for 

the 3 second gust wind speed using Equation 3-1. In this particular example, the surface wind 

speed was available for the I-10 Bridge over Escambia Bay and Eq. 3.1 does not need to be 

applied. 
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Now that all of the design wave input parameters have been defined the next step is the 

calculation of the adjusted wind stress factor (UA) from the base design wind speed.  The 

calculation is performed in ft/second however units of mph are also provided.  All of the 

following equations are in accordance with the AASHTO Design Guide for Coastal Storms. 

Determine the Adjusted Wind Speed (UA), 

 

Next determine the Peak Wave Period (TP),  
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Determine the time required to develop a fetch limited wave (t), 

 

 

The surface wind speed (U100-Year) will need to be adjusted from the 3 second gust speed 

provided in the ASCE 7-05 Wind Map to a one-hour average wind speed and then from the one-

hour duration to the duration of the time required to develop a fetch limited wave (t).  Several 

iterations will be required until t and the associated Wave Period (TP) converge during this 

process.  This is to satisfy the need to adjust the wind speed for a fetch limited wave. 

Determine the one-hour average wind speed (U1-Hour), 

 

 

 

First Iteration, 
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Second Iteration, 
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Third Iteration, 
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The duration of UA has converged to 2580.2 seconds and now the remaining wave 

characteristics can be determined using the adjusted wind speed, wave period, and time required 

to develop a fetch limited wave.  

Determine the Significant Wave Height (Hs),  

 

 

Determine the Wave Length (�), 
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Determine the Maximum Wave Height (Hmax), 

 

 

The maximum wave height must be the lesser of the following due to depth limitation and 

steepness, 

   

 

Use Hmax = 15.12 ft. 
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It is necessary to verify that the determined wave characteristics are within the tolerance limits 

for acceptable wave accuracy as per 6.1.2.1-1 and 6.1.2.1-2 of the AASHTO Guide 

Specifications for Bridges Vulnerable to Coastal Storms, 

  

 

 

Wave accuracy criteria are met.  Determine Maximum Wave Crest Elevation (�max), 

 

 

Compare the maximum wave crest elevation to the low member elevation of the bridge 

superstructure (Zc) and determine whether or not the bridge is considered at-risk based on the 

Level I Criterion of a possitive1 foot clearance between the two. In order to do this the Low 

Member Elevation of the bridge superstructure needs to be determined based on information 

attained in the bridge plans.  It should be noted that all elevations are in units of ft-NAVD and all 

heights are in ft. 
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Determine Bridge Superstructure Low Member Elevation (HLow_Elevation), 

 

 

Compare the maximum wave crest elevation to the low member elevation of the bridge 

superstructure (Zc), 
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5.2   PBM Design Wave Forces  

 

The following section is the calculation of the wave forces from Design Case I of the 

PBM analysis method that are imposed on the I-10 Bridge over Escambia Bay from a 100-Year 

design storm.  Before the PBM Wave Force Analysis can be performed, the following bridge 

parameters must be defined. 

 

 

Determine Entrapped Air Factor Parameters (AAIR and BAIR) used for calculating the 

maximum quasi-static hydrostatic and hydrodynamic vertical wave force (FV-MAX),  
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Use AAIR and BAIR to determine Entrapped Air Factor (TAF), 

 

Now determine the total height of superstructure cross-section (db), 

 

For girder spans, variables b0 through b6 used for determining FV-Max are determined as follows, 
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Determine parameter Wbar, 
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Check Wbar / W  ratio to determine the acceptable value of Wbar, 

  

Determine � Factor from the following tolerances,  

 

Determine wave geometry parameters x and y, 
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In order to determine which equation to be used for calculating the A parameter to be 

used in determining the vertical slamming force (Fs) associated with FV-MAX the following check 

must be performed, 

 

Determine B parameter to be used in calculating the vertical slamming force (Fs) 

associated with the maximum quasi-static hydrostatic and hydrodynamic vertical wave force   

(FV-MAX), 
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Now that all of the required calculation parameters have been found, determine the 

maximum quasi-static hydrostatic and hydrodynamic vertical wave force (FV-MAX), 

 

 

Now that FV-MAX has been found, it is time to determine the other associated wave forces 

included in Design Case I being performed in this section.   

Determine the associated vertical slamming force (Fs), 
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Determine the associated Average Horizontal Wave Force (FH-AV), 

 

The last remaining wave force to be determined is the associated moment about the 

trailing edge (MT-AV), however before this can be found parameters am, bm, cm, and the effective 

bridge width (Weff) must first be determined, 

Determine am, 

 

Determine bm,

 

Determine cm,
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Determine Effective Bridge Width (Weff),

 

 Now that all of the parameters needed have been found, determine the associated moment 

about the trailing edge (MT-AV), 

 

 

Summary of Design Case I Wave Forces:
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CHAPTER 6 

COASTAL BRIDGE NETWORK VULNERABILITY ASSESSMENT 

 

6.1   Current Available Bridge Databases and Limitations 

One of the largest limitations in existence in the ongoing study of bridge 

vulnerability to hurricane-induced storm surges is the lack of ability to apply the analysis 

for each bridge case study to the entire network of coastal bridges in each state.  

Currently in Florida, a pilot study has been ongoing for a storm surge risk analysis of 

bridges in the Tampa area.  Unfortunately this has only been able to be performed one 

bridge at a time in similar fashion to the analysis conducted in the previous chapter. 

 

 

Figure 6.1.1:  FDOT Coastal Bridge Storm Surge Analysis Pilot Study in Tampa Bay (Sheppard, 2009)   

 

 

The Florida Department of Transportation (FDOT) has shown interest in 

identifying all the coastal bridges in existence that are considered to be at high risk to 

being damaged during a hurricane.  Their intention is to identify these bridges and 
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develop a priority for ranking the order of importance to addressing the at-risk bridges.  

In order to be able to effectively and efficiently complete this analysis, first the available 

bridge databases in existence must be examined.  The two major bridge database 

resources currently available are the National Bridge Inventory (NBI) database compiled 

by the Federal Highway Administration (FHWA) and the Pontis Database from the 

American Association of State Highway Transportation Officials (AASHTO) bridge 

management software named Pontis Bridge Management.  Each of the two bridge 

databases has every bridge in the state of Florida listed in them and both have similar 

categories of information within them.  However, they both lack the required information 

necessary to perform a storm surge risk analysis.  Neither database specifies if the bridges 

are located in a coastal environment; they only specify if a body of water is crossed.  This 

specification includes all bridges that traverse inland rivers, canals, etc.  Also, the fetch 

lengths are not provided.  In the current state of the databases, the fetch lengths must be 

manually determined either from Geographic Information Systems (GIS), FEMA, etc.   

Possibly the most critical set back to a useable database for a network storm surge 

risk analysis is the lack of information for the low member elevations of the bridge 

superstructures.  The closest data to this that is provided in the databases are the 

minimum navigation vertical and horizontal clearances.  These are of little use because 

they often times are measured from the highest point of a bridge because this is where the 

navigational channel is typically designated.  The figure below depicts this in a simplified 

example diagram.  If the bridge is not level across its span length, the minimum 

navigation vertical clearance will not be the low member elevation height.   
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Figure 6.2.2:  Image of Example Navigation Vertical Clearance Height for a Coastal Bridge (Hampshire) 

  

 

Other information not provided in either database that would be needed for a network 

analysis includes the following:  the average water depth over the fetch length, the base design 

wind speed, and the 100-Year SWL given in ft-NAVD.   

 

6.2   Florida Coastal Bridge Database 

Through the use of GIS and refined searching through the current databases, the 

framework of a new database has been compiled.  The new database generated is referred to in 

this study as the Florida Coastal Bridge Database (FCBD).  This database can be found in 

Appendix D.  Although this database is compiled only of Florida’s coastal bridges, it does not 

have the required analysis parameters needed to apply the network storm surge risk analysis.  It 

is the recommendation of this research that the necessary gathering of this information for the list 

of coastal bridges identified in this new database be undertaken.  Once this is completed, the 

database can be entered into the FCBD Network Analysis spreadsheet that is presented in the 

following section and the at-risk bridges for Florida’s entire coastal database would be identified.   
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6.3   Network Level Storm Surge Risk Analysis 

 In conjunction with the initial development of a coastal bridge database for the state of 

Florida, a coinciding analysis spreadsheet has been developed.  This spreadsheet is intended to 

serve as a suggested tool that will allow for the analysis of the entire Florida coastal bridge 

network.  By using the auto calculation features available for cell entries in Microsoft Excel, the 

FCBD can be imported in to the spreadsheet and at-risk bridges will be easily identified.  This 

will provide the FDOT an easy to implement course of action to address the coastal bridges in 

Florida that are considered most vulnerable to significant damage.  The only limitation to this is 

the lack of available information in the existing databases as mentioned in the previous section.  

The rest of this section consists of screen shot images of the different sheets from the sample 

spreadsheet analyzer.  There are a total of four sheets in the spreadsheet program.  The first sheet 

is the User’s Guide of the program; this sheet explains how to use the software and what the 

other sheets are within the program.  Included in this sheet is Max Sheppard’s Wave 

Vulnerability Index (Sheppard 2009).   

This Index was created by Sheppard to provide a numerical classification to the level of 

vulnerability the bridge is considered to be at.  The vulnerability index is determined by a series 

of classifications including the directional wind probability, the bridge buoyancy, the bridge span 

type, and the criticality of the bridge.   The index value is calculated from these classifications 

and can range from 0 to 16.  Bridges with Indices equal to or greater than 5 are deemed 

vulnerable and need further analysis.   The one-foot-clearance height mentioned earlier is still 

intended on being the primary means of identifying at-risk bridges but this is an alternative 

option presented by Sheppard for classifying bridges that are at risk.   
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Figure 6.3.1:  Image of User’s Guide Sheet in FCDB Network Analysis Spreadsheet 

 

 

 The following sheets in the program, as explained in the User’s Guide, are the input and 

calculation sheets of the software.  The Bridge Parameters sheet is where all the information 

from the Florida Coastal Database will be imported.  The Wave Parameters and the Wave 

Vulnerability Index Sheets are calculations sheets where equations are programmed into the cell 

columns and output the values corresponding to the data field category.  These two sheets are 
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where the results of the analysis will be available.  These three remaining input and calculation 

sheets are shown below. 

 

 

 

Figure 6.3.2:  Image of Bridge Parameters Sheet of FCDB Network Analysis Spreadsheet 
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Figure 6.3.3:  Image of Wave Parameters Calculation Sheet of FCBD Network Analysis Spreadsheet 
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Figure 6.3.4:  Image of Wave Vulnerability Index of FCDB Network Analysis Spreadsheet 
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CHAPTER 7 

DESIGN CONSIDERATIONS FOR DAMAGE PREVENTION   

 

7.1 General Considerations 

 When designing a bridge in the coastal environment of Florida, regardless of the design 

strategy chosen, considerations must be to be taken to reduce, and where possible, avoid 

exposure to wave forces from hurricanes in the most economical and practical manner.  Through 

ongoing research and analytical observations of the response of structures to coastal hurricanes, 

there are a variety of options available to the structural engineer responsible for the design of the 

structure.  AASHTO Guide Specifications for Bridges Vulnerable to Coastal Storms is a great 

source for extensive detail of these options.  This section of the research will provide a brief 

overview of the various design considerations available to the Structural charged with the task of 

designing the coastal bridge.  As per all coastal considerations, early input from a coastal 

engineer during the design phase of the structure should be considered to clarify coastal issues 

for the project. 

 

7.2 Wave Force Mitigation 

 First and foremost, the easiest and most cost effective way to mitigate the wave forces 

induced on a coastal bridge structure is to avoid their occurrence all together by increasing the 

design elevation of the superstructure members above the wave height found during the storm 

surge analysis.  However since the storm surge analysis is only an estimation and the actual size 

of the waves during a major hurricane is still relatively unpredictable, additional freeboard 

beyond the one foot clearance requirement is suggested.  Of course there are many circumstances 

that do not allow for this and the following design considerations are suggested accordingly.  The 

design strategies chosen are to be determined based on the best overall practical and economical 

benefit to the bridge.     

 One possible way to lower the magnitude of the wave forces inflicted on the structure is 

to vent the cells that could potentially entrap air between the waves and bridge structure.  During 
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the impact of the waves air becomes entrapped in areas such as between the girders under the 

bridge deck.  As mentioned earlier, test simulations have shown that entrapped air under the 

superstructure producing an increased buoyancy force thus resulting in much higher vertical 

wave forces.    Venting the cells would reduce the Trapped Air Factor (TAF) in Equation 5-15 

and providing the bridge with better performance during wave loading.  AASHTO states that 

calculations have shown that it was not practical to drill deck holes in the superstructure to vent 

air entrapped by waves.  Drilling deck holes would only be beneficial in reducing the air for 

instances where the still-water elevation exists between the bottom of the beam and the bottom 

of the bridge deck.  Large holes in the concrete diaphragms can also be effective in venting 

entrapped air and allowing the exchange of trapped air between spans (AASHTO Guide).  

 Another option is to design the bridge structure to be continuous across supports.  Due to 

the three dimensional nature of the wave forces having, their wave crests are finite in size and the 

chance that multiple spans would be struck by storm waves at the exact same time is very small.  

This explains why continuously spanned bridges have shown to perform better in regions hardly 

hit by hurricanes.  Utilizing a slab bridge design can also be useful to lessen the wave force 

effect because this design decreases the amount of entrapped air and raises the low member 

elevation of the bridge superstructure by eliminating the additional height of girders.  AASHTO 

states that this can be particularly effective at spans near the end of bridges having grade 

constants. 

 Possibly the most extreme design consideration suggested in limiting the damage of a 

bridge during hurricanes is sacrificing low level spans that would be exposed to significant wave 

loading.  This is only suggested in cases where it is not possible to elevate the structure or to 

resist the loads in an economical or safe way.  In recent cases where the superstructure was lost 

during the storm but the substructure remained largely reusable by having minimal damage, it 

was possible to reopen the bridges with either temporary or permanent superstructures in much 

less time and at much lower cost.  If the superstructure had not been unseated but instead stayed 

connected and translated all of the wave forces into the substructure, it may have caused 

significant damage to the substructure and then the cost would have been much higher and the 

bridge would have remained out of operation for an extensively longer period of time.  Under 

these circumstances AASHTO suggests that it may be more practical and economical to sacrifice 
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the low-level spans exposed to the hurricane waves and replace them after the storm.  

Submersible and sacrificial structures are applicable to both low level spans and approach spans 

where deemed appropriate. 
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CHAPTER 8 

CONCLUSION 

 

8.1    Current Status of Florida’s Coastal Bridge Network Risk Level 

 After the completion of this research project it is important to analyze and interpret what 

has been conducted in this study and draw a conclusion to the status of the level of risk 

associated with Florida’s coastal bridges being critically damaged during a major hurricane.  In 

Florida’s history, only one bridge has ever completely collapsed during the event of a hurricane 

making landfall.  This lone bridge was the I-10 Bridge over Escambia Bay.  Having this very 

limited history of complete bridge failure during hurricanes does provide some relative level of 

comfort in the safety and security of the state’s coastal infrastructure.  However, other states 

have not been so lucky.  Both before and after Ivan collapsed the Escambia Bay Bridge, there 

were bridges that shared the same outcome.  Dating back to the late 1960’s, bridge failure during 

hurricanes has been observed.  After the back-to-back devastating hurricane seasons of 2004 and 

2005, national attention has been brought to the vulnerability of coastal bridges exposed to wave 

loading during a hurricane. 

 Based on the information available and what was attained in the study, some of Florida’s 

coastal bridges are most certainly vulnerable to critical damage experienced during the landfall 

of major hurricanes.  The I-10 Bridge over Escambia Bay is a testament to this.  The PBM 

analysis results performed in this study complimented the observed aftermath of Hurricane Ivan.  

Ivan, a Category 3 Storm of significantly less wind strength than the 100-year design storm 

managed to completely collapse this bridge.  This shows that bridges similar in design to the I-10 

Escambia Bay Bridge, under the right circumstances, are highly susceptible to catastrophic 

damage. Although they have yet to be identified, these bridges are out there and currently are at 

risk to the same devastating outcome unless countermeasures are implemented.   
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8.2    Future Work to Be Performed   

 Limitations in the scope of this research have left multiple areas of future work still to be 

performed.  From the conclusions drawn in this research, it has been shown that there is a strong 

need to identify Florida’s coastal bridges that can be considered to be vulnerable to severe 

damage during the event of a major hurricane.  The research has taken steps in this regard by 

both validating the need for a network risk analysis and also undergoing initial preliminary 

stages in performing this network risk analysis.  Most critical to the progress of this analysis is 

the gathering of all the relevant bridge parameters needed to perform the PBM risk analysis.  The 

vast majority of Florida’s coastal bridges have been identified and segregated in their own 

database but lack all of the required parameters needed to have this databases analyzed.  Also, 

any coastal bridges not found in the Florida Coastal Bridge Database (FCBD) are recommended 

to be added.  

 It is also the recommendation of this research to consider the use of Finite Element 

Analysis (FEA) as a tool that can better model the response of various bridge design types to the 

true dynamic behavior of storm surge waves.  Although the PBM analysis method does perform 

well in predicting the magnitude of forces observed to be inflicted on bridge structures, it does 

not fully address the compounded dynamic effects of these wave forces.  PBM analysis 

determines quasi-static wave load forces.  Utilizing the powerful strength of FEA computer 

software modeling of storm surge waves being repeatedly applied dynamically to the bridge 

structure will provide a great deal of insight into how well that bridge performs under those 

conditions.  This may lead to simpler design equations, better bridge performance, and a safer 

and better designed infrastructure. 

  

 

8.3    Overall Assessment of Research 

 In its’ completion, the research performed in this study should be seen as a success.  The 

validation of the performance of the most current storm surge analysis methods was obtained.  
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The task of starting the process to identify at risk coastal bridges within the network of Florida’s 

infrastructure has been undertaken.  Further insight into the future work needed to still be 

completed has been identified.   It will be up those who take this research forward to further 

improve the standard of safety and reliability of Florida’s coastal bridges from future hurricane 

damage.  
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APPENDIX A   

STORM SURGE ANALSYSIS REFERENCES

 

CE 7-05 Wind Map for 3-Second Wind Gust (AASHTO, 2008) 
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Figure A.2:  ASCE 7-05 Wind
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ind Map for 3-Second Wind Gust Enlarged for Florida (AASHTO, 2

icients for Quasi-Static Horizontal Wave Force (AASHTO, 2008)  
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APPENDIX B 

OEA WAVE TEST PERFORMANCE DATA 

 

 

Figure B.1: Comparison between computed using the PMB and measured  

quasi-static vertical wave forces for a submerged bridge span (AASHTO, 2008) 

 

 

 

 

 

 

 

Figure B.2:  Comparison between computed using the PBM and measured 

horizontal quasi-static wave forces at the time of maximum vertical 

forces for submerged bridge span (AASHTO, 2008) 
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Figure B.3:  Comparison between computed using the PBM and measured 

vertical quasi-static wave forces for partially submerged bridge span (AASHTO, 2008) 

 

 

 

 

 

 

 

 

Figure B.4:  Comparison between computed using the PBM and measured 

horizontal quasi-static wave forces at the time of maximum vertical 

force for partially submerged bridge span (AASHTO, 2008) 

 

 



 

 

63 

 

 

Figure B.5:  Comparison between computed using the PBM and measured 

vertical quasi-static wave forces for subaerial bridge span (AASHTO, 2008) 

 

 

 

 

 

 

 

 

        

Figure B.6:  Comparison between computed using the PMB and measured  

horizontal quasi-static wave forces at the time of maximum  

vertical force for a subaerial bridge span (AASHTO, 2008) 



 

 

64 

 

APPENDIX C 

HURRICANE BRIDGE DAMAGE HISTORY 

Table C.1:  Hazard Impact Summary of Florida Bridges during Hurricanes and Tropical Storms (Sobanjo, 2012) 

 

 

District

Hazard Event 

Type

Hazard Date 

(or Inspection 

date) Bridge ID Description of the Hazard Bridge Elements Damaged Described Costs of Repair Costs of Repair

No. of 

Lanes 

Closed

Duration 

of Closure 

(Hours) Other Comments

2
Hurricane 

Jeanne/Flood
9/28/2004 780056

Extremely high water led to over-topping of 

the South bulkhead and subsequent 

washout.

321, 396 $26,070 1 16 Two-way, two lane traffic.

6 Hurricane Rita 9/20/2005 900078  Hurricane Rita 290, 396 $11,000 N/A N/A

6 Hurricane Rita 9/20/2005 900089  Hurricane Rita. 290, 396 $85,140 N/A N/A

6 Hurricane Rita 9/20/2005 900094  Hurricane Rita. 396 $57,400 N/A N/A

6 Hurricane Rita 9/20/2005 900095 Hurricane Rita. 321, 396 $187,440 N/A N/A

6 Hurricane Rita 9/20/2005 900096  Hurricane Rita. 396 $440,000 N/A N/A

6 Hurricane Rita 9/20/2005 900126  Hurricane Rita 396 $455,070 N/A N/A

4 Hurricane Wilma 12/14/2005 860008 small  sign $1,000

4 Hurricane Wilma 12/14/2005 860011 580, 591, 592 $15,000

4 Hurricane Wilma 12/14/2005 860018 581, street l ight $77,300

4 Hurricane Wilma 12/14/2005 860038 581, 591, street l ight $9,000

4 Hurricane Wilma 12/14/2005 860043 581, 591, 592 $15,000

4 Hurricane Wilma 12/14/2005 860060
386, 580, 591, 592, street 

l ight
$15,000

4 Hurricane Wilma 12/14/2005 860061 386 $60,000

4 Hurricane Wilma 12/14/2005 860144
386, 580, 581, 592, street 

l ight
$10,000

4 Hurricane Wilma 12/14/2005 860146 581, 592 $20,000

4 Hurricane Wilma 12/14/2005 860157 581, 592, street l ight $13,000

4 Hurricane Wilma 12/14/2005 860230 small  sign, 580, 581 $7,000

4 Hurricane Wilma 12/14/2005 860466 581, 591, 592 $13,000

4 Hurricane Wilma 12/14/2005 860618 581, 591 $19,500

4 Hurricane Wilma 12/14/2005 860622 386, 581, 591, 592 $66,000

4 Hurricane Wilma 12/14/2005 860623 581 $28,000

4 Hurricane Wilma 12/14/2005 860920 581, 592 $6,000

4 Hurricane Wilma 12/14/2005 860941 592 $2,000

4 Hurricane Wilma 12/14/2005 890003
581, 592, small  sign, street 

l ight
$15,000

4 Hurricane Wilma 12/14/2005 890150 386, 580 $35,000

4 Hurricane Wilma 12/14/2005 890151 580 $2,000

4 Hurricane Wilma 12/14/2005 890158 386, 580 $21,500

6 Hurricane Wilma 10/24/2005 900107  Hurricane Wilma scour/pi les $16,500 N/A N/A

4 Hurricane Wilma 12/15/2005 930004 street light, 591, 592 $6,000

4 Hurricane Wilma 12/15/2005 930060 386, 591, street l ight $42,000

4 Hurricane Wilma 12/15/2005 930064 581, 591 $17,000

4 Hurricane Wilma 12/15/2005 930097 386, 581, 591, street light $19,500

4 Hurricane Wilma 12/15/2005 930104 small  sign, 581, 591, 592 $15,000

4 Hurricane Wilma 12/15/2005 930154
small  sign, 581, 591, street 

l ight
$20,000

4 Hurricane Wilma 12/15/2005 930157
386, 580, 581, 591, street 

l ight
$24,800

4 Hurricane Wilma 12/15/2005 930370 581, 591, street l ight $28,500

4 Hurricane Wilma 12/15/2005 930453 581, 591, street l ight $25,200

4 Hurricane Wilma 12/15/2005 930454 591, 592, street l ight $7,000

4 Hurricane Wilma 12/15/2005 930506 small  sign, 581, 591, 592 $24,000

1&7
Hurricane/Tropic

al Storm Fay 
10/20/2008 910003

This bridge was damaged due to tropical  

storm Fay which affected the area with 

heavy rains.

241

Repair construction cost was 

$276,990. Miscel laneous cost 

such as design and 

construction engineering 

inspection cost was $26,250. 

$303,240
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Table C.1:  Hazard Impact Summary of Florida Bridges during Hurricanes and Tropical Storms (cont’d) (Sobanjo, 2012) 

 

 

 

 

 

District

Hazard Event 

Type

Hazard Date 

(or Inspection 

date) Bridge ID Description of the Hazard Bridge Elements Damaged Described Costs of Repair Costs of Repair

No. of 

Lanes 

Closed

Duration 

of Closure 

(Hours) Other Comments

1&7
Hurricane/Tropic

al  Storm Fay 
10/20/2008 910006

This bridge was damaged due to tropical 

storm Fay which affected the area with 

heavy rains.

396

Repair construction cost was 

$117,160. Miscellaneous cost 

such as design and 

construction engineering 

inspection cost was $22,715. 

$139,875
There is no closure information at this 

time. 

1&7
Hurricane/Tropic

al  Storm Fay 
10/20/2008 910065

This bridge was damaged due to tropical 

storm Fay which affected the area with 

heavy rains.

396

Repair construction cost was 

$125,482. Miscellaneous cost 

such as design and 

construction engineering 

inspection cost was $21,482. 

$146,964
There is no closure information at this 

time. 

1&7
Hurricane/Tropic

al  Storm Fay 
10/20/2008 910066

This bridge was damaged due to tropical 

storm Fay which affected the area with 

heavy rains.

396

Repair construction cost was 

$26,483. Miscellaneous cost 

such as design and 

construction engineering 

inspection cost was $14,519. 

$41,002

1&7
Hurricane/Tropic

al  Storm Fay 
10/20/2008 910081

This bridge was damaged due to tropical 

storm Fay which affected the area with 

heavy rains.

396

Repair construction cost was 

$16,007. Miscellaneous cost 

such as design and 

construction engineering 

inspection cost was $10,410. 

$26,417
There is no closure information at this 

time. 

1&7
Tropical Storm 

Fay (Flood)
10/20/2008 054003

This bridge was damaged due to tropical 

storm Fay which affected the area with 

heavy rains.

290

Repair construction cost was 

$391,295. Misc. cost (design 

and construction engineering 

inspection) was $60,616. 

$451,911 2 24

This road was periodically closed from 

9/11/08 through 10/07/08 for few hours 

at a time to accommodate repair 

construction. The 24 hours lane closure 

noted above is an estimate of the total 

closure.

1&7
Tropical Storm 

Fay (Flood)
10/20/2008 914001

This bridge was damaged due to tropical 

storm Fay which affected the area with 

heavy rains.

290, 321

Repair construction cost was 

$62,839. Miscellaneous cost 

such as design and 

construction engineering 

inspection cost was $18,275. 

$81,114 0 0

1&7
Tropical Storm 

Fay (Flood)
10/20/2008 914002

This bridge was damaged due to tropical 

storm Fay which affected the area with 

heavy rains.

290

Repair construction cost was 

$462,825. Miscellaneous cost 

such as design and 

construction engineering 

inspection cost was $61,851. 

$524,676 2 960

The exact closure time is undeterminable 

at this time. This road was closed for at 

least 40 days.

1&7
Tropical Storm 

Fay (Flood)
10/20/2008 914007

This bridge was damaged due to tropical 

storm Fay which affected the area with 

heavy rains.

290

Repair construction cost was 

$306,503. Miscellaneous cost 

such as design and 

construction engineering 

inspection cost was $43,860. 

$350,363 2 792

This road was closed for at least 33 

days. The exact closure time is not 

avai lable at his time. 
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Table C.1:  Hazard Impact Summary of Florida Bridges during Hurricanes and Tropical Storms (cont’d) (Sobanjo, 2012) 
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Table C.2:  Summary of Bridges (Non-Florida) Damaged During Hurricane Katrina (Padgett et al. 2008)   

 

 Bridge Name Roadway  

Carried 

Bridge 

Type

Damage 

State

Damage 

Source

Cost Estimate  Surge 

Elevation 

(m)

Comments

 Alabama       

 BayouLaBatre  Hwy 188  Fixed  Moderate  SC $10,000  — 

 Dauphin Island Parkway  193  Fixed  Moderate  I,SC $6,000,000  — 

 Cochrane Africatown USA  US-90  Fixed  Extensive  I $1,000,000  — Cost reported as $1.7 million 

in Hitchcock et al. (2008)

 Mobile Delta Causeway  I-10  Fixed  Extensive  D $1,140,000  — 

 Louisiana      

 Bayou DesAllemands  LA-631  Movable  Slight  W $3,000 0.98

 Bayou Dulac  LA-57  Movable  Slight  W $1,000 1.16

 Country Club  LA-3127  Movable  Slight  W $1,000 0.91

 Galliano  LA-308  Movable  Slight  W $5,000 1.95

 Golden Meadow  LA-308  Movable  Slight  W $9,000 1.95

 Harvey Canal  LA-18  Movable  Slight  W $2,000 3.54

 Houma Navigation Canal  LA-661  Movable  Slight  W $1,000 0.91

 Lockport Company Canal  LA-1  Movable  Slight  W $2,000 0.91

 PresqueIsle @Bayou Petite Caillou  LA-24  Movable  Slight  W $1,000  — 

 Belle Chase  LA-23  Movable  Moderate  W $200,000 4.08

 Claiborne  LA-39  Movable  Moderate  W $40,000  — 

 Intracoastal Waterway @Larose  LA-1  Movable  Moderate  W $170,000 1.34

 Perez  LA-23  Movable  Moderate  W $200,000  — 

 Seabrook  LocalRoad  Movable  Moderate  W $25,000 3.11

 St.Bernard Canal  LA-46  Movable  Moderate  W $40,000  — 

 West Pearl River  US-90  Movable  Moderate  EM,SC,W $350,000 4.6

 Bayou Barataria  LA-302  Movable  Extensive  EM $50,000 1.16

 Bayou Lafourche @Leeville  LA-1  Movable  Extensive  SC,W $1,600,000 2.13

 Bayou Liberty  LA-433  Movable  Extensive  EM,W $1,500,000 3.47

 Bonfouca  LA-433  Movable  Extensive  EM,W $200,000 3.57

 Caminada Bay  LA-1  Fixed  Extensive  D,SC $500,000 2.44

 Chef Menteur  US-90  Movable  Extensive  EM,SC $3,600,000 3.96

 Doullut Canal  LA-11  Movable  Extensive  EM,W $700,000 3.44

 East Pearl River  US-90  Movable  Extensive  EM,SC,W $400,000 4.6

 Inner Harbor Navigation Canal Florida Ave.  Movable  Extensive  EM,I,W $500,000 1.01

NorthDraw—LakePontchartrain  US-11  Movable  Extensive  EM $50,000 4.02

Rigolets Pass  US-90  Movable  Extensive  EM,SC,W $2,000,000 4.6

Rigolets Pass–Under Construction  US-90  Movable  Extensive  I,W $1,700,000 4.6

 Tchefuncte River Madisonville  LA-22  Movable  Extensive  EM,SC,W $25,000 2.32

 US11 @Lake Pontchartrain  US-11  Movable  Extensive  EM,SC,W $6,000,000 4.02

 Yscloskey  LA-46  Movable  Extensive  EM,SC,W $900,000 5.12

 Lake Pontchartrain  I-10  Fixed  Complete  D,SC $30,000,000 4.02

 Pontchartrain Causeway  LA-Causeway  Fixed  Complete  D,SC $1,500,000 2.77

 Mississippi     

 David V.LaRosa W.WittmanRd.  Fixed  Moderate  D $60,000 7.5

 Biloxi Back Bay  I-110  Movable  Extensive  I $2,500,000 6.22

 I-10 Pascagoula River  I-10  Fixed  Extensive  D,I $5,800,000 4.57

 Popps Ferry PoppsFerryRd.  Movable  Extensive  D,EM $7,700,000 5.82

 Biloxi-Ocean Springs  US-90  Movable  Complete  D,EM $275,000,000 6.58

 US-90 Bay St.Louis  US-90  Movable  Complete  D,EM $276,000,000 5.58

 US-90 Henderson Point  US-90  Fixed  Complete  D $1,900,000 7.01
Note: — indicates no available surge estimate. Damage key: D = Deck Movement, EM = Electrical Mechanical, I = Impact, SC = Scour, W = Wind.
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APPENDIX D 

FLORIDA COASTAL BRIDGE DATABASE 

 

Table D.1:  Bridges Identified for Florida Coastal Bridge Database 

 Structure ID Inlet/Coast STRUCNAME FEATINT 

010019   CR 771 OVER CORAL CREEK CORAL CREEK 

010029   TOM ADAMS DRAW LEMON BAY ICWW 

010062   CR 775/AINGER CREEK AINGER CREEK 

024009   CR 494 OVER COLLEEN CANAL COLLEEN CANAL 

024044   CR-494 OVER BLACK CREEK BLACK CREEK 

024045   CR-494/SALT WATER BAY SALT WATER BAY 

030148   JUDGE JOLLY MEMORIAL BIG MARCO PASS 

030161   CR 29 OVER CHOKOLOSKEE BAY CHOKOLOSKEE BAY 

030176   VANDERBILT DR OVER BIG HORSE PASS BIG HORSE PASS 

030184   GOODLAND BRIDGE MARCO CHANNEL 

030286   SR-951 OVER MCILVANE BAY McILVANE BAY 

030287   SR 951 OVER McILVANE CREEK McILVANE CREEK 

030300   US-41 OVER GORDON RIVER GORDON RIVER 

030301   US-41 OVER GORDON RIVER GORDON RIVER 

080028   CR595 OVER HAMMOCK CREEK HAMMOCK CREEK 

080034   PINE ISL DR/PINE ISLAND CANAL PINE ISLAND CANAL 

080035   US 301/LTL WITHLACOOCHEE RIVER 
LITTLE WITHLACOOCHEE 

RVR 

100049   US 41 OVER PALM RIVER PALM RIVER 

100087   KENNEDY RAMP OVER I 275 I 275/SR93 

100090   SR 589 OVER SR 60 SR 60 

100115   I 275 OVER MEMORIAL BLVD SR 60 (MEMORIAL BLVD) 

100248   MEMORIAL HWY SWEETWTR C SWEETWATER CREEK 

100295   I 275 NB RAMP TO SR 60 W I 275 

100296   I 275 RAMP OVER MEMORIAL 
SR 60 MEMORIAL 

BOULEVARD 

100299   US 41 BUSINESS SB /MCKAY BAY MCKAY BAY 

100300   GANDY BRIDGE EB OLD TAMPA BAY 

100301   COURTNEY CAMPBELL STRU. C TAMPA BAY 

100338   BUSINESS US 41 NB /MCKAY BAY MCKAY BAY 

100585   GANDY BRIDGE WESTBOUND TAMPA BAY 

105500   PLATT STREET BRIDGE HILLSBOROUGH RIVER 

105605   DAVIS ISLAND BRIDGE HILLS BAY & BAYSHORE B. 

105606   PLANT STREET BRIDGE HILLS BAY & BAYSHORE B. 

105629   
S HARBOR ISLAND BLVD/GARRISON 

CHANNEL 
GARRISON CHANNEL 
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Table D.1:  Bridges Identified for Florida Coastal Bridge Database (cont’d) 

Structure ID Inlet/Coast STRUCNAME FEATINT 

120022   CR 865 OVER NEW PASS NEW PASS 

120026   CR 865/BIG HICKORY PASS BIG HICKORY PASS 

120028   BIG CARLOS DRAW BIG CARLOS PASS 

120050   MATLACHA DRAW MATLACHA PASS 

120055   CR 865 OVER LITTLE CARLO LITTLE CARLOS PASS 

120088   
SR865 OVER MATANZAS 

PASS 
MATANZAS PASS 

120089   
SR-865 OVER HURRICANE 

BAY 
HURRICANE BAY 

120111   CR 78/LITTLE PINE ISLAND L PINE ISLAND PASS 

120128   CR 78/PORPOISE PASS CANAL PORPOISE PASS CANAL 

120129   CR 78 / PINE ISLAND CREEK PINE ISLAND CREEK 

120150   H STRINGFELLOW RD/JUG CK JUG CREEK 

130006   CORTEZ DRAW SARASTOA PASS  

130019   H.E. BOYD BRIDGE (NB) TERRA CEIA BAY 

130054   ANNA MARIA DRAW SARASOTA PASS 

130057   
SR 789 / LONGBOAT KEY 

PASS 
LONGBOAT KEY PASS 

130139   I-275 NB OVER TAMPA BAY TAMPA BAY 

130141   STRUCTURE 'D' ACCESS RD TAMPA BAY 

130151   H.E. BOYD BRIDGE (SB) TERRA CEIA BAY 

130152   SR 64 OVER PERICO BAYOU PERICO BAYOU 

130153   SR 64 OVR PALMA SOLA BAY PALMA SOLA BAY 

134015   
PALMA SOLA BLVD-PALMA 

SOLA BAY 
BRANCH/PALMA SOLA BAY 

134091   BAYSHORE RD/MCMULLEN C MCMULLEN CREEK 

140059   
CR 595/S. FORK HAMMOCK 

CREEK 
S. FORK HAMMOCK CREEK 

150001   ALT US19SB / LONG BAYOU LONG BAYOU 

150013   
SR 580A/ MOCCASIN 

BRANCH 
MOCCASIN BRANCH 

150014   4TH ST SB OVR BIG ISLAND BIG ISLAND GAP 

150028   WELCH CAUSEWAY DRAW ICWW 

150030   COREY CAUSEWAY DRAW SB INTRACOASTAL WATERWAY 

150038   I-275 SB OVER BUNCES PASS BUNCES PASS 

150049   PINELLAS BAYWAY STRUCT E BOCA CIEGA BAY 

150050   
BAYWAY STRUCTURE C 

DRAW 
INTRACOASTAL WATERWAY 

150052   BAYWAY STRUCTURE A WB BOCA CIEGA BAY 

150053   COREY CAUSEWAY STR B SB BOCA CIEGA BAY 
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Table D.1:  Bridges Identified for Florida Coastal Bridge Database (cont’d) 

Structure 

ID 
Inlet/Coast STRUCNAME FEATINT 

150054   COREY CAUSEWAY STR C SB BOCA CEIGA BAY 

150067   CR 586 / ST JOSEPH SOUND ST JOSEPH SOUND 

150068   DUNEDIN CAUSEWAY DRAW ST. JOSEPH SOUND (ICWW) 

150071   PARK ST NB/CROSS BAYOU C CROSS BAYOU CANAL 

150074   ALT 19NB / LONG BAYOU LONG BAYOU 

150107   HOWARD FRANKLAND NB TAMPA BAY 

150108   4TH ST NB OVER BIG ISLAND BIG ISLAND GAP 

150133   Alt 19 SB OVR SR 666 SR 666 

150134   
RAMP FRM ALT 19  NB TO SR 666 WB 

OVER SR 666 
SR 666 

150135   COREY CAUSEWAY DRAW NB INTRACOASTAL WATERWAY 

150136   COREY CAUSEWAY STR B NB BOCA CIEGA BAY 

150137   COREY CAUSEWAY STR C NB BOCA CIEGA BAY 

150139   PARK ST SB/CROSS BAYOU C CROSS BAYOU CANAL 

150173   US19A OVER STEVENSONS CK STEVENSON'S CREEK 

150175   US 19 SB OVR PINELLAS PT PINELLAS POINT DR  SOUTH 

150176   I 275 / PINELLAS POINT DRIVE PINELLAS POINT DRIVE 

150180   RAMP I275 SB TO SR679 WB PEDESTRIAN WALKWAY 

150181   I 275 SB / FRENCHMENS CREEK FRENCHMENS CREEK 

150182   I 275 NB / FRENCHMENS CREEK FRENCHMENS CREEK 

150186   I 275 SB TO SR 679 WB US19 SR 55 SR 679 

150187   SR 679 EB TO I 275 NB US 19 SR 55 54TH AVE SO 

150189   
BOB GRAHAM SUNSHINE SKYWAY 

BRIDGE 
TAMPA BAY 

150190   I 275 SB OVER I 275 NB I 275 NB & US 19 NB 

150200   BAYWAY STRUCTURE B EB BOCA CIEGA BAY 

150201   BAYWAY STRUCTURE A EB BOCA CIEGA BAY 

150202   SR 580 WB / SAFETY HARBOR BAY SAFETY HARBOR BAY RR 

150203   SR 580 EB / SAFETY HARBOR BAY SAFETY HARBOR BAY RR 

150210   HOWARD FRANKLAND SB OLD TAMPA BAY 

150211   I-275 NB OVER BUNCES PASS BUNCES PASS 

150212   I-275 NB/N REST AREA ENTRANCE 
NORTH REST AREA 

ENTRANCE 

150213   DICK MISENER BRIDGE SB TAMPA BAY MAXIMO POINT 

150214   DICK MISENER BRIDGE NB TAMPA BAY MAXIMO POINT 

150215   I-275 SB/ N REST AREA ENTRANCE 
NORTH REST AREA 

ENTRANCE 
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Table D.1:  Bridges Identified for Florida Coastal Bridge Database (cont’d) 

Structure 

ID 
Inlet/Coast STRUCNAME FEATINT 

150219   SR 580 / MOCCASIN BRANCH MOCCASIN BRANCH 

150224   4TH ST RAMP FROM I-275 SB I -275 (SR 93) 

150243   SR 679 OVER BUNCES PASS BUNCES PASS 

150244 1 CLEARWATER MEMORIAL CSWY. CLEARWATER HARBOR 

150951   BAYWAY STRUCTURE B WB BOCA CIEGA BAY 

154005   CR 586 / ST JOSEPH SOUND ST JOSEPH SOUND 

154209   BELLEAIR CAUSEWAY DRAW GULF I.C.W. 

154259   BAYSIDE BRIDGE (NB)/TAMPA BAY TAMPA BAY 

154260   BAYSIDE BRIDGE SB / TAMPA BAY TAMPA BAY 

155501   
ISLAND WAY NB/CLEARWATER HARBOR 

CANAL 

CLEARWATER HARBOR 

CANAL 

155502   ISLAND WAY SB/CLEARWATER HARBOR CLEARWATER HARBOR CAN. 

155522   CLEARWATER PASS BRIDGE CLEARWATER PASS 

157603   SHORE DR/BOCA CIEGA BAY BOCA CIEGA BAY 

157801   TREASURE ISLAND CSWY BASCULE BRIDGE I.C.W. 

157821   TREASURE ISLAND CAUSWAY WEST BOCA CIEGA BAY WEST 

157841   TREASURE ISLAND CAUSWAY EAST BOCA CIEGA BAY EAST 

170022   LITTLE RINGLING NB COON KEY WATERWAY 

170052   STICKNEY POINT DRAW EB INTRACOASTAL WATERWAY 

170060   SR 758 OVER HANSON BAYOU HANSON BAYOU 

170061   SIESTA KEY DRAW SARASOTA BAY 

170065   STICKNEY POINT DRAW WB INTRACOASTAL WATERWAY 

170068   US 41 OVER HUDSON BAYOU HUDSON BAYOU 

170120   SR 789 SB / ST ARMANDS KEY 
ST ARMANDS KEY 

WATERWAY 

170141   SR 789 NB / ST ARMANDS KEY 
ST ARMANDS KEY 

WATERWAY 

170158   SR 789 OVER NEW PASS NEW PASS 

170176   RINGLING CAUSEWAY INTRACOASTAL WATERWAY 

170951   LITTLE RINGLING SB COON KEY WATERWAY 

300012   BIG BRADFORD RD/SALTY CK SALTY CREEK 

340001   SR-24 BACK BAYOU CREEK 

340002   SR-24 THE CANAL 

340003   SR-24 NUMBER THREE CHANNEL 

340010   GULF BLVD/CRK TO DAUGHTRY BAYOU 
CREEK TO DAUGHTRY 

BAYOU 

340011   GULF BLVD OVER LEWIS PASS LEWIS PASS 
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Table D.1:  Bridges Identified for Florida Coastal Bridge Database (cont’d) 

Structure 

ID 
Inlet/Coast STRUCNAME FEATINT 

340012 1 CR 40 OVER BIRD CREEK BIRD CREEK 

340014   C ST/CEDAR KEY CANAL CEDAR KEY CANAL 

340053   W.RANDOLF HODGES SR. MEM HAVENS CREEK(#4 CHANNEL) 

460003 1 -1 
15TH ST/HUNTINGTON 

BAYOU 

460019 1 DUPONT BRIDGE US 98, SR 30 / ICWW 

460023 1 -1 CR 2302/FANNING BAYOU 

460024 1 -1 CR 2302/FANNING BAYOU 

460025   -1 US98 /CANAL MEXICO BCH 

460033 1 -1 STAR AVE/CALLAWAY BAYOU 

460053 1 FRANK M. NELSON BRIDGE BEACH DR/MASSALINA BAYOU 

460055 1 -1 THOMAS DR/GRAND LAGOON 

460072   -1 US98 / PHILLIPS INLET 

460073 1 -1 US98 SR30/WATSON BAYOU 

460078   -1 US 98/PHILLIPS INLET 

460089 1 D J BAILEY MEMORIAL BRID SR 77 / NORTH BAY 

460112 1 HATHAWAY BRIDGE US98SR30/STANDREWSBAY 

460113 1 HATHAWAY BRIDGE US98SR30/StAndrewsBay 

460120 1 -1 US98,SR30 /Johnson Bayou 

464006 1 -1 CR 2321/DEER POINT LAKE 

464201 1 -1 CR 389/WATSON BAYOU 

464504 1 -1 CR 2302/FANNING BAYOU 

464505 1 -1 CR 2321 / BAYOU 

465001 1 -1 4TH ST/MASSALINA BAYOU 

466122   -1 
CHURCHWELL DR/NONAME 

LGN 

480035 1 PHILIP D BEALL SR BRIDGE US98 SR30/PENSACOLA BAY 

480096 1 -1 SUNSET AVE/BAYOU GRANDE 

480123 1 ROBERT L.F. SIKES BRIDGE CR 399/SANTA ROSA SOUND 

480139 1 ROBERT L.F. SIKES BRIDGE CR 399/SANTA ROSA SOUND 

480181 1 -1 SR292 / SOLDERS CK 

480193 1 Dr. Phillip A. Payne Bridge US90 SR10A/BAYOU TEXAR 

490031   JOHN GORRIE BRIDGE US98/APALACHICOLA RIVER 

490032   -1 US98/APALACHICOLA BAY 

490034   E.N. WALKER BRIDGE US98 /OCHLOCKONEE BAY 
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Table D.1:  Bridges Identified for Florida Coastal Bridge Database (cont’d) 

Structure 

ID 
Inlet/Coast STRUCNAME FEATINT 

490100   BRYANT GRADY PATTON BRIDGE SR300/ST GEORGE SOUND 

510014   -1 US98 SR30/ST JOE BAY 

510020   -1 CR 30B/INDIAN LAGOON 

510030   JL SHARIT OVERPASS US98 SR30/CITY STREET 

510046   -1 CR 30A/MONEY BAYOU 

510047   -1 SR 30A/SIMMONS BAYOU 

510052   GEORGE G TAPPER BRIDGE US98/GULF COUNTY CANAL 

570018   -1 SR85 / GARNIERS BAYOU 

570034   JOHN T. BROOKS BRIDGE US98 / ICWW & BROOKS ST. 

570054   William T. Marler Bridge US98 SR30 / EAST PASS 

570082   William T. Marler Bridge US98 SR30 / EAST PASS 

570091   MID BAY BRIDGE 
SR293/CHOCTAWHATCHEE 

BAY 

570097   C.G. Meigs Bridge SR20 / ROCKY BAYOU 

574144   BEAVER BRIDGE FERRY RD/BR OF LAKE EARL 

580951 1 -1 SR 399/ ICWW AT NAVARRE 

600078   -1 CR 30A/WESTERN LAKE 

600088   -1 CR 30A/DEER LAKE 

600089   -1 CR 30A/WESTERN LAKE 

604142   -1 CR 30A/EASTERN LAKE 

604179   -1 CR30A/CAMP CREEK LAKE 

740087   THOMAS B. SHAVE JR. BRG. AMELIA RIVER 

740088   THOMAS B. SHAVE JR. BRG. AMELIA RIVER 

740105   NASSAU SOUND BRIDGE NASSAU SOUND 

790151   SR-44 - Callalisa Creek Callalisa Creek 

790172   George E. Musson Mem. IWW Indian River 

860011   -1 Hillsboro Inlet 

860035   -1 Mercedes River 

860157   S.C. Fox Memorial Bridge Intracoastal Waterway 

860622   E. Clay Shaw Jr. Bridge Intracoastal Waterway 

860623   E. Clay Shaw Jr. Bridge Intracoastal Waterway 

865712   -1 TOULON WATERWAY 

865713   -1 TOULON WATERWAY 

865774   -1 MERCEDES RIVER 
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Table D.1:  Bridges Identified for Florida Coastal Bridge Database (cont’d) 

Structure 

ID 
Inlet/Coast STRUCNAME FEATINT 

865775   -1 MARION RIVER 

869004   -1 SR A1A 

870077   MacArthur East EAST CHANNEL 

870082 1 NE 79 St. WB & Intracoastal Intracoastal Waterway 

870083 1 WEST BISCAYNE BAY WEST BISCAYNE BAY 

870084 1 NE 79th ST. over Biscayne Waterway East Biscayne Bay 

870085 1 NE 79 St WB & Biscayne Bay East Biscayne Bay 

870099   
MACARTHUR CSWY.  EAST TO NORTH 

ALTON 
SR-907 & 5 & 6 STREETS 

870162   SR-913 WB TO I-95 NB US1&S MIAMI AVE&SW 25 RD 

870301 1 JULIA TUTTLE CAUSEWAY INTRACOASTAL WATERWAY 

870302 1 JULIA TUTTLE CAUSEWAY BISCAYNE BAY 

870303 1 JULIA TUTTLE CAUSEWAY ALTON ROAD 

870549 1 SR 934 OVER BISCANYE BAY WEST BISCAYNE BAY 

870550 1 NE 79th ST. over Biscayne Waterway EAST BISCAYNE BAY 

870551 1 NE 79 St EB & Biscayne Bay East Biscayne Bay 

870554 1 NE 79 St. EB & Intracoastal Intracoastal Waterway 

870592 1 Sunny Isles Blvd WB Intracoastal Waterway 

870593 1 Sunny Isles Blvd EB Intracoastal Waterway 

870771 1 McArthur Causeway Intracoastal  Waterway 

870772 1 McArthur Causeway Intracoastal Waterway 

874459 1 Venetian Draw West ICWW (Fracture Critical) 

874473 1 -1 Biscayne Bay 

874474 1 Venetian Draw East Biscayne Bay (Frac.Crit) 

874477 1 -1 Biscayne Bay 

874481 1 -1 Biscayne Bay 

874541   -1 Biscayne Bay 

874542   -1 Biscayne Bay 

874544   Bear Cut Bridge Biscayne Bay/Bear Cut 

874545   Rickenbacker Cswy Intracoastal Waterway 

875000 1 PORT OF MIAMI INTRACOASTAL WATERWAY 

875001 1 INTRACOASTAL WATER WAY INTRACOASTAL WATERWAY 

875101 1 BROAD CAUSEWAY DRAW INTRACOASTAL W/WFRACCRIT 

875102 1 -1 Bay Harbor Waterway 
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Table D.1:  Bridges Identified for Florida Coastal Bridge Database (cont’d) 

Structure 

ID 
Inlet/Coast STRUCNAME FEATINT 

875103 1 -1 Indian creek 

876100 1 -1 Indian Creek 

876707 1 -1 Sunset Lake Canal 

876708 1 -1 Sunset Lake Canal 

876710 1 -1 Sunset Lake Canal 

876727 1 -1 Collins Canal 

876729 1 -1 Normandy Waterway 

876733 1 -1 Biscayne Bay 

876734 1 -1 Biscayne Bay 

876738 1 -1 West Biscayne Point Cnl. 

876739 1 -1 West Biscayne Point Cana 

877301 1 -1 Waterway 

880005   James H. Pruitt Memorial Bridge Sebastian Inlet 

900003   BOCA CHICA CHANNEL BOCA CHICA CHANNEL 

900016   BAHIA HONDA BIG SPANISH CHANNEL 

900020   Old Seven Mile Bridge Knight Channel 

900045   BAHIA HONDA BIG SPANISH CHANNEL 

900074   BOCA CHICA CHANNEL BOCA CHICA CHANNEL 

900076   WHALE HABOR WHALE HARBOR 

900077   US-1 & Snake Creek Canal Snake Creek Canal 

900081   SHARK CHANNEL SHARK CHANNEL 

900088   TEATABLE RELIEF TEATABLE RELIEF 

900089   TEA TABLE CHANNEL TEATABLE CHANNEL 

900090   SADDLE BUNCH #5 SADDLE BUNCH #5 

900091   SADDLE BUNCH # 4 SADDLE BUNCH #4 

900094   DANTE B. FASCEL (LONG K) LONG KEY CHANNEL 

900095   INDIAN KEY CHANNEL INDIAN KEY CHANNEL 

900096   LIGNUMVITAE CHANNEL LIGNUMVITAE CHANNEL 

900097   CHANNEL No. 2 CHANNEL #2 

900098   Channel Five Channel #5 

900099   TOM'S HARBOR CUT TOM'S HARBOR CUT 

900100   TOM'S HARBOR CHANNEL TOM'S HARBOR CHANNEL 

900101   Seven Mile Bridge MOSER CHANNEL 
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Table D.1:  Bridges Identified for Florida Coastal Bridge Database (cont’d) 

Structure 

ID 
Inlet/Coast STRUCNAME FEATINT 

900102   LOWER SUGARLOAF CHANNEL LOWER SUGARLOAF CHANNEL 

900103   MISSOUR LITTLE DUCK CHANNEL MISSOURI LITTLE DUCK CH. 

900104   OHIO MISSOURI CHANNEL OHIO MISSOURI CHANNEL 

900105   OHIO BAHIA HONDA CHANL OHIO-BAHIA HONDA CHANL 

900106   SPANISH HARBOR CHANNEL SPANISH HARBOR CHANNEL 

900107   HARRIS CHANNEL HARRIS CHANNEL 

900108   HARRIS GAP HARRIS GAP CHANNEL 

900109   NORTH HARRIS CHANNEL NORTH HARRIS CHANNEL 

900110   NORTH PINE CHANNEL NORTH PINE CHANNEL 

900111   SOUTH PINE CHANNEL SOUTH PINE CHANNEL 

900112   PARK CHANNEL PARK CHANNEL 

900113   TORCH CHANNEL TORCH CHANNEL 

900114   TORCH RAMROD CHANNEL TORCH RAMROD CHANNEL 

900115   BOW CHANNEL BOW CHANNEL 

900116   KEMP CHANNEL KEMP CHANNEL 

900117   NILES CHANNEL NILES CHANNEL 

900126   VACA CUT VACA CUT 

900128   SALT RUN SALT RUN 

904320   -1 Bogie Channel 

904490   BOOT KEY DRAW BOOT KEY HRBR (FRAC CRI) 

904532   -1 Un-named Channel 

904540   -1 Bonefish Bay 

904600   -1 Toms Harbor Channel 

904602   Truman Bridge Un-Named Channel 

904986   -1 Saunders Creek 

904990   Card Sound Road - I.C.W.W. I.C.W.W 

930005   -1 Intracoastal Waterway 

930056   -1 INTRACOASTAL WATERWAY 

930060   Haven Ashe Bridge Boca Inlet 

930061   -1 Boynton Inlet 

930087   -1 F.E.C. Canal 

930117   -1 F.E.C. Canal 

930154   Theodore Pratt Memorial Intracoastal Waterway 
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Table D.1:  Bridges Identified for Florida Coastal Bridge Database (cont’d) 

Structure 

ID 
Inlet/Coast STRUCNAME FEATINT 

930194   -1 Lake Worth 

930226   Theodore Pratt Memorial Intracoastal Waterway 

930269   Blue Heron Bridge Intracoastal Waterway 

934408   Not Recorded INTRACOASTAL WATERWAY 

934908 1 Lucas Douglas Memorial Bridge INTRACOASTAL WATERWAY 

940045   D. H. 'Banty' Saunders Intracoastal Waterway 

940094   Peter P. Cobb Memorial ICWW 
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