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Review of Previous 
Meeting



 Inclusion of a 50yr event in the Level I 
Analysis (Done by HMM)

 Develop Conceptual Superstructure Retrofit 
Details and High-Level Cost Estimates

 Develop Substructure Retrofit Details and 
High-Level Cost Estimates

Action Items from our 
Last Meeting



 Past performance of Large Coastal Events 
on Bridges can be Broadly Grouped into 
three Categories:
o Shifting of Spans on the Bent Caps
o Damage to Girder Ends and Bent Caps 

from Impact of Superstructure on 
Substructure

o Damage to bents from Lateral Loads 
Transferred to Them

As we Discussed Last 
Time



Bridge Cross-Section
Majority of the Spans Consist of this Geometry

Deck elevation ~21.68 ft. above 1974 MSL

1974 mean sea level MSL Elev. = 200

Varies42’-0” 42’-0”



 Contains Specifications for the Design of 
Bridges Vulnerable to Coastal Storms

 In 2004 and 2005, Hurricanes Ivan and Rita 
Caused Significant damage to Numerous 
Bridges in the Gulf Coast

 FHWA initiated a Pooled Fund Contract for 
the Development of the Guide 
Specifications

AASHTO Guide 
Specifications



 Prepared by Hatch Mott MacDonald
 Modified Level I Analysis
 Computations of Loads from a Range of 

Extreme Storms
 Also included future Sea Level Rise (SLR) 

Conditions 
o 1.3 ft. above current Condition in 2067
o 3.0 ft. above current Condition in 2116

 Results are Presented for the EB Mainlanes
(ramps are not included)

Storm Surge Impact 
Analysis



Bayway Analysis
100yr Present  Day Sea-Level (2017) Elevations

Figure Courtesy of Hatch Mott MacDonald

Still Water Elevation = Storm Surge at High Tide + SLR
SLR = 0 for 2017 Sea-Level

0 ft. (MSL)

~+13 ft.

~+21.6 ft.

42’-0”



 Piles experience substantial loads over all 
12 cases (always subject to wave loads 
when they are in the water)

 Deck elements only experience substantial 
horizontal and vertical loads when the 
maximum water level reaches the 
superstructure

 For the 2017 100yr Storm:
o The still water level is below the top of the pile 

cap for the length of the bridge
o The wave crest elevation is impacting the deck 

for almost the entire length of the bridge
o Wave crests do not reach the bridge deck at 

the two high-rise sections

Storm Surge Impact 
Analysis



Selection of Critical Locations for Analysis
 Review Wave Crest Elevations for the 2017 Sea-Level 100yr Storm

Bent 84 Bent 282 Bent 499



Superstructure-Substructure Connection
 Capacity of Connection was Calculated.
 Uplift Capacity was Controlled by shear of the Threaded Insert (~10.3 Kips capacity)

Superstructure Restraint Details

For the 2017 100yr Design 
Event, 252 of the 564 EB 
Spans Would be Expected to 
be Unseated.



Substructure Lateral Capacity
 Using FB-Multipier lateral Capacity of 2-Pile and 3-Pile Bents was Calculated
 2-Pile Bents (Group I) have a Lateral Capacity of ~150 Kips per Bent
 Bent 282 is Representative Bent

2-Pile Bent Performance Ratios

Performance Ratio 2017 SLR 2067 SLR 2117 SLR
10 Yr Event 0.29 0.29 0.29

25 Yr Event 0.38 0.65 2.35

100 Yr Event 2.67 2.76 2.85

500 Yr Event 2.85 2.85 2.85



Substructure Lateral Capacity
 Using FB-Multipier lateral Capacity of 2-Pile and 3-Pile Bents was Calculated
 3-Pile Bents (Group II) have a Lateral Capacity of ~136 Kips per Bent (longer Unsupported 

Lengths)
 Bent 499 is Representative Bent

Performance Ratio 2017 SLR 2067 SLR 2117 SLR

10 Yr Event 0.24 0.24 0.24

25 Yr Event 0.48 0.74 2.29

100 Yr Event 4.71 5.00 5.33

500 Yr Event 5.71 5.71 5.71

3-Pile Bent Performance Ratios



Substructure Lateral Capacity
 To Establish the Scope of the Substructure Damage we Analyzed 500 of the 563 EB Bents for 

the 2017 SLR condition
 Damaged is Considered when Demand/Capacity ration > 1.0

2017 SLR # of Bents Damaged % of Bents Damaged

10 Yr Event 0 0

25 Yr Event 0 0

100 Yr Event 247 44%

500 Yr Event 482 86%



Analysis Assumptions



 Bridge designated as “Critical/Essential” 
(Service Immediate) – Use Strength Load 
Combinations in AASHTO  

 Retrofit Concepts for Future Widened 
Bayway not Considered

 No Scour Included – Needs to be Included 
during Design Phase

 Limited drawings of As-Built Superstructure
o Unknown longitudinal 

Reinforcement/Prestressing in Beams
o Assume 40 ksi Yield stress of Rebar

 Bond Strength Between Pile and Concrete 
Plug is Ignored

Assumptions



Storm Events Evaluated



 25-year Return Period (2017 and 2067 
SLR)

 50-year Return Period (2017 and 2067 
SLR)

 100-year Return Period (2017 SLR) -
Baseline

 Level III Analysis (Future Task)
 Existing Bayway is 40 years Old so SLR 

beyond 2067 (50 yr.) was not Considered

Storm Events Evaluated











50 Year Storm Results



 Prepared by Hatch Mott MacDonald
 Modified Level I Analysis
 Also included future Sea Level Rise (SLR) 

Conditions 
o SLR 2017
o SLR 2067
o SLR 2117

Storm Surge Impact 
Analysis



Bayway Analysis
Combined Storm Surge and SLR Projections

Table Courtesy of Hatch Mott MacDonald
0 ft. (MSL)

~+13 ft.

~+21.6 ft.

42’-0”

Return period 
[yr]

Storm surge [ft]

2017 2067 2117
10 6.6 7.5 9.3

25 9.1 10.3 12.1
50 11.0 12.2 14.0
100 12.8 14.0 15.8
500 16.7 17.9 19.7

Storm Surge for 50 yr. 2067 SLR is similar to 100 yr. 2017 SLR



Bayway Analysis
Wave Heights – 50yr Wave Heights for 2017, 2067 and 2117 Sea-Levels

0 ft. (MSL)

~+13 ft.

~+21.6 ft.

42’-0”

Figure Courtesy of Hatch Mott MacDonald



Bayway Analysis
Wave Heights – 5 Design Storms Present  Day Sea-Level (2017)

Figure Courtesy of Hatch Mott MacDonald
0 ft. (MSL)

~+13 ft.

~+21.6 ft.

42’-0”

Wave Height for 50 yr. 2017 SLR is close to 100 yr. 2017 SLR



Bayway Analysis
25yr Storm and 2067 SLR Elevations

Figure Courtesy of Hatch Mott MacDonald

Still Water Elevation = Storm Surge at High Tide + SLR
SLR = 1.2 for 2067 Sea-Level

0 ft. (MSL)

~+13 ft.

~+21.6 ft.

42’-0”



Bayway Analysis
50yr Storm and Present  Day Sea-Level (2017) Elevations

Figure Courtesy of Hatch Mott MacDonald

Still Water Elevation = Storm Surge at High Tide + SLR
SLR = 0 for 2017 Sea-Level

0 ft. (MSL)

~+13 ft.

~+21.6 ft.

42’-0”



Bayway Analysis
50yr Storm and 2067 SLR Elevations

Figure Courtesy of Hatch Mott MacDonald

Still Water Elevation = Storm Surge at High Tide + SLR
SLR = 1.2 for 2067 Sea-Level

0 ft. (MSL)

~+13 ft.

~+21.6 ft.

42’-0”



Bayway Analysis
50yr Storm and 2117 SLR Elevations

Figure Courtesy of Hatch Mott MacDonald

Still Water Elevation = Storm Surge at High Tide + SLR
SLR = 3.0 for 2117 Sea-Level

0 ft. (MSL)

~+13 ft.

~+21.6 ft.

42’-0”



Bayway Analysis
100yr Present  Day Sea-Level (2017) Elevations

Figure Courtesy of Hatch Mott MacDonald

Still Water Elevation = Storm Surge at High Tide + SLR
SLR = 0 for 2017 Sea-Level

0 ft. (MSL)

~+13 ft.

~+21.6 ft.

42’-0”



Bayway Analysis
Vertical Load Comparison

50 yr. SLR 2117 
Consistently 
Greater than 100 yr. 
SLR 2017

100 yr. SLR 2017 
Consistently 
Greater than 50 yr. 
SLR 2067



Bayway Analysis
Horizontal Load Comparison

50 yr. SLR 2117 
Consistently 
Greater than 100 yr. 
SLR 2017

100 yr. SLR 2017 
Consistently 
Greater than 50 yr. 
SLR 2067



Analytical Approach



 Initially developed a diagnostic model to 
analyze the structure in the As-built 
condition 

 It is essential that this step be performed 
even if there are obvious vulnerabilities in 
order to establish a benchmark of member 
demands 

 The purpose of this analysis was to 
evaluate the state of the structure and 
identify all possible failure modes for the 
“Design Storm”

Analytical Approach



 A diagnostic model with the proposed 
retrofit was then ran. If a failure mechanism 
for the structural system still exists, 
additional retrofit measures are required 

 If the retrofit model indicates there is no 
failure mechanism and that the associated 
member demands are significantly less than 
their capacities considered reducing the 
amount of retrofit and rerun the model 

 This procedure was repeated until an 
optimal, or “preferred”, retrofit strategy was 
obtained

Analytical Approach



 Critical/essential-Strength Limit State
should be used. Performance levels:

 “Service Immediate”
o Sufficiently undamaged, stable and aligned for 

rescue and recovery after cursory inspection
o Backfill behind abutments can be sacrificial

 “Repairable Damage”
o Some repairs needed to go in service
o Owner species outage duration
o Load posting can be considered
o Pre-positioned replacement spans may be 

used to meet outage limit

Limit States and 
Performance Levels 

This is Our Performance 
Target



Retrofit Strategies and 
Approaches



 Develop:
o Method for Screening the Bayway structure’s 

Vulnerability to Coastal Storms – Presented 
Results during Last Meeting

o Method for Evaluating the Structures to 
Determine Specific Vulnerabilities

o Potential Retrofit Strategies, Approaches and 
Measures

Approach to Retrofit 
Options



 Provide a Reasonably Simple method for 
Determining vulnerability to Coastal Storm 
Events.

 During our Last Meeting we Discussed 
Vulnerability of Superstructure and 
Superstructure Restraints to Uplift Loads 
and Lateral Loads on Substructure

 Performed Initial Assessments on 
Vulnerability of Superstructure Restraints 
and Foundation Capacities

Screening



 Many Choices to be Made:
o Selection of Design Event – What event or 

Events are to be Considered
 Retrofit Strategies – Which ones will be 

Used
 Levels of Analysis – Which of the Three 

levels of Analysis is to be Used?

Evaluation



 AASHTO Guide Specifications are based 
on a 100-year Return Period Design Event.

 100-year Event has approximately a 50 
percent Chance of Exceedence (52.9%) 
during the 75-year Life of a New Bridge
o R = 1-(1-1/T)^n

• T = 100 yr (return interval)
• n = 75 yr (expected life)

 For an Existing Bridge the First Step is to 
Evaluate the Feasibility of Retrofitting it to 
Withstand the Wave Forces (100-year 
Event)

Evaluations
Selection of Design Event



 If these retrofits are Impractical and/or cost 
Prohibitive, two Approaches may be 
Considered:
1. Account for the Bridge’s Remaining 

Service Life and Adjust the Design 
Event such that it Approximates the 
Mean Value during the Remaining life 
of the Existing Bridge

N/0.69 = RP

RP = Design Event Return Period
N = Remaining Service Life of the Bridge

N RP
5 7

10 14
15 22
20 29
25 36
30 43
35 51
40 58
45 65
50 72

Bridge is 40 Years Old

If we Get 35 more yrs. 
Service Life

Evaluations
Selection of Design Event



 If we want to Assess Various Levels of Risk

N ‐ Expected Life (Years)
RP ‐ Return (Years) 25 30 40 50 60 75 100

25 64 71 80 87 91 95 98
50 40 45 55 64 70 78 87
75 29 33 42 49 55 63 74
100 22 26 33 39 45 53 63

Probability of Exceedance in Expected Life (%)

AASHTO

Evaluations
Selection of Design Event



 If these retrofits are Impractical and/or cost 
Prohibitive, two Approaches may be 
Considered:
2. Perform a More Rigorous Optimization 

Routine regarding a Cost Assessment 
Model

Evaluations
Selection of Design Event



 To better understand potential climate 
change impacts on transportation 
infrastructure and identify adaptation 
strategies, the U.S. Department of 
Transportation (U.S. DOT) conducted a 
comprehensive, multi-phase study of 
climate change impacts in the Central Gulf 
Coast region. 

 This multi-modal study is sponsored by the 
U.S. DOT's Center for Climate Change and 
Environmental Forecasting in partnership 
with the U.S. Geological Survey (USGS) 
and is managed by FHWA.

Gulf Coast Study



 Phase 1 (completed in 2008) examined the 
impacts of climate change on transportation 
infrastructure at a regional scale, 
investigating risks and impacts on coastal 
ports, road, air, rail, and public transit 
systems in the central Gulf Coast, with a 
study area stretching from 
Houston/Galveston, Texas, to Mobile, 
Alabama. 

 The study assessed likely changes in 
temperature and precipitation patterns, sea 
level rise, and increasing severity and 
frequency of tropical storms. 

Gulf Coast Study



Gulf Coast Study



 Phase 2 focused on the Mobile, Alabama 
region, with the goal of enhancing regional 
decision makers' ability to understand 
potential impacts on specific critical 
components of infrastructure and to 
evaluate adaptation options. 

 U.S. DOT assessed the vulnerability of the 
most critical transportation assets to climate 
change impacts. U.S. DOT then developed 
risk management tools to help 
transportation system planners, owners, 
and operators determine which systems 
and assets to protect and how to do so. 

Gulf Coast Study



Gulf Coast Study



 Research Team Found that Loss of the I-10 
Bridge could Result in Significant Costs to 
Daily Users of the Bridge as well As the 
Region-Wide Economy

 Cost to Primary Users: $1,130,804 per Day

 Daily Loss in Industry Activity: $495,000

Cost Assessment



 Cost-Effectiveness can be Used to Evaluate 
and Determine Appropriate Retrofit 
Strategies

 This Cost Assessment Procedure would be 
used to Evaluate Existing Bridges where 
Retrofit Could not be Fulfilled due to 
Unreasonable or Prohibitively high Costs

 Does not Address the Issue of what is an 
Appropriate Level of Safety; its focus is on 
the Ratio of Benefits to Cost

Cost Assessment



 Cost of Strengthening the Bridge (or 
Selected Components) is Compared to the 
Benefits of Risk Reduction

 Present Worth of the Disruption Cost (PW), 
for each Year of the Anticipated Bridge Life 
is Compared Against the Total Present 
Worth of the Costs to Replace ad Maintain 
the Bridge Structure, or the Retrofit 
Measures

 Present Worth of Costs and Benefits should 
be Computed over a Specific Time Period 
(life, or Remaining Life of the Bridge)

Cost Assessment



 Initial Studies are done for a Level I 
Analysis
o SLR for 2017, 2067 and 2117 were Calculated
o 10yr, 25yr, 50yr, 100yr and 500yr return 

Periods

 Level III Analysis will be Evaluated later

Evaluation
Level of Analysis



1. Strategy
o Bridge designated  as  

“critical/essential”
o Bridge to be “service immediate”
o Maintenance/Durability
o Constructibility
o No Weakening of Existing Piles - No 

drilling into Precast Cylinder Piles
o Ignore uplift and horizontal restraint 

capacity provided by original bearings

Retrofit Strategies and 
Approaches



2. Approach
a. Reduction of Buoyancy Loads
b. Reduction of Wave Loads
c. Strengthening Connection of 

Superstructure to Substructure
d. Strengthening the Structural Capacity 

of the Substructure
e. Strengthening the Geotechnical 

Capacity of the Substructure
f. Accepting loss of Superstructure to 

Protect Substructure

Retrofit Strategies and 
Approaches



 Trapped air Creates a Buoyancy Force that 
may Increase the Uplift Force during a 
Surge or Wave Event

 May be Reduced by providing Vents 
through the Deck or Diaphragms, or 
Replacing solid Diaphragms with Steel 
Frame Diaphragms

a. Reduction of Buoyancy 
Loads



 Air Entrapped within the Superstructure is a Significant contributor of Vertical Loads
 Auburn Report Discussed Potential Benefits of venting the Superstructure
 HMM Provided revised loads with Zero Entrapped Air (2017 SLR and 100yr Storm)

a. Reduction of Buoyancy Loads



 FHWA prepared Preliminary Calculations:
o 65 ft. Span with Full Depth Diaphragms (similar 

to Bayway)
o Evacuate 4 ft. Deep Air Cavity in 3 Seconds ( 

Vent Storm Surge – a Slower Process)
o 80-4” Diameter Holes per Span are Required
o To Evacuate the Cavity in 1 Second (Reduce 

Buoyancy from Waves – a Quicker Process)
o 240-4” Diameter Holes per Span Required

 Vents may not be Practical for Significantly 
Reducing Buoyancy Forces during Short 
Duration Events

a. Reduction of Buoyancy 
Loads

FHWA Draft Details



 Deck Drilling and Coring present the 
Possibility of Adverse effects on the 
Structure by Severing Reinforcing Bars

 Replacement of Solid Diaphragms with 
Steel Diaphragms is a very Intrusive 
approach

 Requires saw-cutting of the Concrete 
Diaphragms and Anchoring of Steel Frames 
in Their Place

a. Reduction of Buoyancy 
Loads

FHWA Draft Details



 Waves Hitting the Deck and Girders Leads 
to Significant Forces.

 In some Cases it may be Possible to 
Reduce these Forces
o Changing the Cross-Section that the Waves 

Strike
o Raising the Cross-Section

 This Approach is Likely to be More Costly 
than Other Approaches

b. Reduction of Wave 
Loads

FHWA Draft Details



 Barriers would Need to be 
Repaired/Replaced before Bridge is 
Opened to Traffic

 Span Replacement could be Considered at 
Selected locations

 Span Replacement will Require Bridge 
closures that could be Done at Night

b. Reduction of Wave 
Loads

FHWA Draft Details



 Tying the Superstructure to the 
Substructure may Prevent Shifting of Spans 
due to Uplift and Lateral Loads

 Any Connection Retrofit Should Account for 
Normal Displacement:
o Thermal expansion and Contraction
o Live Load Rotation
o Vertical Deformation of Elastomeric Bearings

 Normal Maintenance Needs of the Bridge 
Should Also be Provided:
o Jacking Access for Bearing Replacement

c. Strengthening the 
Connection between the 
Super and Substructure

FHWA Draft Details



 Loads Need to be followed Through the 
Structural Load Path to the Ground

 Therefore need to Check Additional Failure 
Modes:
o Negative Bending in the Superstructure at 

Midspan due to Uplift Forces
o Shear at the Ends of the Girder and Cap
o Reduction in Bending Capacity of the Piles due 

to Decreased Compression, or even tensile 
Forces

o Increased Lateral Loads on the Substructure
o Shear and Bending on the Piles and Concrete 

Plug

c. Strengthening the 
Connection between the 
Super and Substructure

FHWA Draft Details

Focus of our Analysis



 Horizontal Strengthening:
o Earwalls give us the Most Flexibility to 

Accommodate different Substructure 
Geometry’s

o Eliminates Uncertainty in Distributing the 
Transverse Loads among Several Resistant 
Elements

o Ease of Construction
 Vertical Restraint

o Cable Restraints Give us the most Flexibility 
(ignore horizontal contribution for 
Conservatism)

o Have been Used in Seismic Areas.

d. Strengthening the 
Connection between the 
Super and Substructure

FHWA Draft Details



 Approached used in States where Bridges 
are retrofitted to resist seismic loads.

 California, South Carolina, Oregon, 
Washington use similar Approach

Cable Restrainers



 Cables are Galvanized
 ¾” Preformed, 6 by 19 Wire Strand Core

Cable Restrainers



d. Strengthening 
Substructure
 The Lateral Loads and Vertical Uplift were 

Likely not Included in the Original design
 Aspects of the Substructure that Have not 

performed well in past Events include:
o The Connection between the Pile and the Pile 

Cap
o Bending Strength of Pile Immediately below the 

Pile Cap

Span Dislodged Before Bent Collapsed



d. Strengthening 
Substructure
 Substructure can be Strengthened using 

FRP, Steel Shells.
 Pier Cap to Pile Cable Restraints were not 

Considered as they would Require Drilling 
into the Piles

FHWA Draft Details



 FRP systems provide a very practical tool 
for strengthening and retrofit of concrete 
structures, and are appropriate for:
o Flexural strengthening,
o Shear strengthening, and
o Column confinement and ductility 

improvement.
 Because of the resistance to corrosion, 

FRP composites can be utilized on interior 
and exterior structural members in all 
almost all types of environments

CFRP Reinforcement on Parking Garage Beams

What is FRP Reinforcement



 Used by CALTRANS to retrofit Existing 
Bridges

 Designed to Enhance both the Shear 
Capacity and Increase the Lateral 
Confinement

FRP Column Casings



CALTRANS – Steel Columns Casing



CALTRANS – FRP Columns Casing



e. Strengthening 
Geotechnical Capacity of 
Foundation
 This Approach is Useful if Surge/Wave 

Loads Overload the Existing Foundations
 Two General Groups:

o Auxiliary Foundations
o Soil Improvement

FHWA Draft Details



f. Accepting Loss of 
Superstructure to Protect 
Substructure
 Depending on the Cost Assessment 

Results, in some Cases the best Approach 
to Retrofit a Coastal Bridge may be to Allow 
the Superstructure to be lost during a Storm 
Event

 The Presence of an Intact Substructure has 
Greatly reduced the Time and Cost required 
to put the Bridge Back in service

 Due to the Critical Nature of the Bayway, 
this approach is considered Unacceptable



1. Superstructure to Substructure Uplift –
Cable Restrainers

2. Superstructure to Substructure 
Transverse Restraint – Earwalls

3. Prestressed Beam Shear Capacity – FRP 
Wraps at Ends of Beams

4. Bent Cap Strengthening – Cap Retrofit 
5. Foundation Strengthening – Auxiliary 

Piles
6. Pile Confinement – FRP or Concrete 

Jacket

Retrofit Measures to Be 
Considered



Retrofits



Substructure Results – 2 Pile Bents
 Bent 282 is Representative Bent
 Total of 434 2-Pile Bents

Storm / SLR Total Bents Modified % Bents Modified Total Bents Unmodified % Bents Unmodified

25yr, SLR 2017 0 0% 434 100%

25yr, SLR 2067 0 0% 434 100%

50yr, SLR 2017 41 9% 393 91%

50yr, SLR 2067 147 34% 287 66%

100yr, SLR 2017 225 52% 209 48%



Substructure Results – 3 Pile Bents
 Bent 499 is Representative Bent
 Total of 67 3-Pile Bents

Storm / SLR Total Bents Modified % Bents Modified Total Bents Unmodified % Bents Unmodified

25yr, SLR 2017 0 0% 67 100%

25yr, SLR 2067 0 0% 67 100%

50yr, SLR 2017 16 24% 51 76%

50yr, SLR 2067 25 37% 42 63%

100yr, SLR 2017 42 63% 25 37%



1. Superstructure to Substructure 
Transverse Restraint – Earwalls

2. Bent Cap Strengthening – Cap Retrofit 
3. Foundation Strengthening – Auxiliary 

Piles
4. Existing Pile Confinement – Concrete 

Jacket

Substructure Retrofits

Depending on Load Intensity Along the 
Bridge, Various Retrofit Configurations 
were Developed



 Foundations with High Capacities to Resist 
Lateral Loads
o Drilled Shafts
o Precast Cylinder Piles

 Consider:
o Environmental Impacts
o Constructibility
o Corrosion Resistance

 Existing Bridge Pile Options were all 
Precast piles

 Due to Highly Corrosive Environment Steel 
Piles were Not Considered

Foundation Strengthening 
- Pile Types Studied



 Drilled Shafts were Eliminated due to:
o Environmental Impact During Construction
o Constructibility
o Risk
o Cost

 For this Study Used 60” Diameter 
Precast Cylinder Piles

Foundation Strengthening 
- Pile Types Studied

FDOT Standard Drawing



Bayway Analysis
Bent Retrofit Type A

Elevation

Plan



Bayway Analysis
Bent Retrofit Type B

Elevation

Plan



Bayway Analysis
Bent Retrofit Type C

Elevation

Plan



Bayway Analysis
Bent Retrofit Type D

Elevation

Plan



Bayway Analysis
Bent Retrofit Type E

Elevation

Plan



Bayway Analysis
Bent Retrofit Type F

Elevation

Plan



Summary of Substructure Retrofits – 2 Pile 
Bents

Retrofit Type

Storm / SLR A B C

25yr, SLR 2017 0 0 0

25yr, SLR 2067 0 0 0
50yr, SLR 2017 0 34 7
50yr, SLR 2067 62 57 28
100yr, SLR 2017 124 101 0



Summary of Substructure Retrofits – 3 Pile 
Bents

Retrofit Type

Storm / SLR D E F

25yr, SLR 2017 0 0 0

25yr, SLR 2067 0 0 0
50yr, SLR 2017 0 16 1
50yr, SLR 2067 0 25 9
100yr, SLR 2017 18 24 0



1. Superstructure to Substructure Uplift –
Cable Restrainers

2. Prestressed Beam Shear Capacity – FRP 
Wraps at Ends of Beams

3. Span Replacement

Depending on Load Intensity Along the 
Bridge, Various Retrofit Configurations 
were Developed

Superstructure Retrofits 
Measures



Negative Bending of 
Superstructure

 Failure of the Span Under Negative 
Bending is the Dominant Failure Mode of 
the Superstructure

 For Purposes of This Study it is Assumed 
that These Spans Need to be Replaced 
including their Connections to the Bent 
Caps

Storm / SLR Spans Lost in Negative Bending

25yr, SLR 2017 0

25yr, SLR 2067 6

50yr, SLR 2017 51

50yr, SLR 2067 262

100yr, SLR 2017 421



Superstructure Span Replacement – TxDOT Standard



High-Level Cost 
Estimates



 Based on Historical Bid data of projects with 
similar scope

 Life Cycle and Maintenance Costs not 
Included

 Foundation Load tests Costs not Included
 2017 Costs Used – no Escalation Costs 

Applied
 20% Contingency and 20% Overhead 

(Mobilization, E&I, etc.)
 For construction over open water, 

floodplains that flood frequently or other 
similar areas, increase cost by 3 % (FDOT) 
Does ALDOT apply similar factors?

High-Level Cost 
Estimating Approach



High-Level Cost Estimating
 Assumed Unit Costs (Would Like to Request ALDOT’s input on These 

Values):

Items Measurement Unit Cost 

Concrete CY $700

Reinforcing Steel LBS $0.90

60" Cylinder Pile LF $425

Replacement Span EA $279,500



High-Level Cost Estimating
 Substructure and Superstructure Costs (Bridge Construction Only):
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High-Level Cost Estimating
 Substructure and Superstructure Costs (Bridge Construction Only):
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High-Level Cost Estimating
 Total Costs:

Storm / SLR Bridge Construction Contingency 20% Overhead 20% Total
25yr, SLR 2017 $0 $0 $0 $0
25yr, SLR 2067 $2M $.4M $.4M $3M
50yr, SLR 2017 $27M $6M $6M $39M
50yr, SLR 2067 $110M $22M $22M $154M
100yr, SLR 2017 $193M $39M $39M $271M



Next Steps



 Get ALDOT’s Input on Unit Costs and Update Estimates
 Get Thompson’s input on Pile Lengths and Update Estimates
 Prepare Design Memorandum
 Discuss Level III Analysis
 Incorporate Level III Analysis (if needed)
 Prepare Final Report

Next Steps



QUESTIONS?
Thank you for your time


