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Project Objectives

 Bridge Deck Preservation Portal - Phase I (ElBatanouny et al. 2020)
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The bridge deck preservation tool, or BDPT, is designed to be a nationally 
accessible, interactive, and customizable decision-making aid for selecting 

preservation and maintenance for concrete bridge decks

 Project led by Iowa DOT & FHWA; ME, WA, OR, and NC DOTs also on TAC
 Objective: to develop a framework for a BDPP to aid engineers in choosing an optimal 

preservation strategy for a given bridge deck based on calculated cost, service life, and 
risk/uncertainty

 Modules: User Inputs, Selection of Maintenance Actions, Algorithms, Optimization, Output



Project Objectives

 Bridge Deck Preservation Tool - Phase II (Implementation)
 Pooled fund study TPF-5(474) with IA, IN, MN, MO, NM, TX DOTs and FHWA
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To develop 

a fully-functional, cloud-based Bridge Deck Preservation Tool (BDPT)

hosted on the FHWA LTBP InfoBridge web portal.

1. Finalize BDPT framework (Tier 1)

2. Incorporate final BDPT into InfoBridge (Tier 2)

3. Promote use of the BDPT (Tier 3)

https://iowadot.gov/bridge/special_projects/Bridge%20Deck%20Preservation%20Portal%20-%20Phase%201_FINAL%20Report.pdf


Analytical Framework
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Overview of the BDPT
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Overview of the BDPT
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Overview of the BDPT
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Overview of the BDPT

8 Wiss, Janney, Elstner Associates 



Overview of the BDPT
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Overview of the BDPT
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Overview of the BDPT
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Deck Maintenance Action Default Agency Unit Cost
Penetrating sealer $1.4 per sq ft
Crack-chasing of concrete $5 per lin ft
Floodcoat $3 per sq ft
Hot mix asphalt overlay with a waterproofing 
membrane

$10 per sq ft

Modified asphalt overlay $15 per sq ft
Portland cement concrete or high performance 
concrete overlay

$20 per sq ft

Ultra high performance concrete overlay $56 per sq ft
Latex-modified concrete overlay $22 per sq ft
Thin polymer overlay $8 per sq ft
Premixed polymer concrete overlay $15 per sq ft
Deck replacement $100 per sq ft



Overview of the BDPT
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Deck Maintenance Action Feasible Range
Penetrating sealer 3 to 6 years
Crack-chasing of concrete 3 to 10 years
Floodcoat 5 to 15 years
Hot mix asphalt overlay with a waterproofing 
membrane

7 to 20 years

Modified asphalt overlay 6 to 15 years
Portland cement concrete or high performance 
concrete overlay

10 to 35 years

Ultra high performance concrete overlay 25 to 45 years
Latex-modified concrete overlay 10 to 35 years
Thin polymer overlay 7 to 15 years
Premixed polymer concrete overlay 10 to 30 years



Overview of the BDPT
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Overview of the BDPT
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Overview of the BDPT
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Overview of the BDPT
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Overview of the BDPT
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Overview of the BDPT
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Overview of the BDPT
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Decision Tree: NBI-58 of 9
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In-depth data used:
 Crack width (need 

to address 
susceptible areas)



Decision Tree: NBI-58 of 8
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In-depth data used:
 HCP data (active corrosion)
 Chloride data (active corrosion)
 Crack width (need to address 

susceptible areas)



Decision Tree: NBI-58 of 7
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In-depth data used:
 Delamination survey (active corrosion)
 Chloride data (active corrosion)
 HCP data (active corrosion)
 Crack width (need to address susceptible areas)



Decision Tree: NBI-58 of 5 or 6
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Assume [Cl-]-induced corrosion is present  no need for detailed inspection data
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Overview of the BDPT
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Best Ranked Maintenance Action Based 
on Inputs and Assumptions
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Questions?

Wiss, Janney, Elstner Associates, Inc.
330 Pfingsten Road
Northbrook, IL 60062
info@wje.com
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visit wje.com or call 
800.345.3199
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Associate Principal and Unit Manager
Wiss, Janney, Elstner Associates, Inc.



SLEE, DM and LCCA Algorithms

 Service Life Extension Estimate (SLEE) Algorithm:
 Estimates service life extensions offered to the deck by the maintenance 

actions

 Deterioration Model (DM) Algorithm:
 Updates deterioration model/forecasted conditions to reflect maintenance
Assume no condition improvement, but slowed deterioration rates

 Results from both algorithms are used to calculate life-cycle cost 
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Unless user gave estimate; then SLEE Algorithm not needed



SLEE Algorithm
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𝑆𝑆𝑆𝑆𝑆𝑆𝐸𝐸𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 ≈ 𝑆𝑆𝑆𝑆𝑆𝑆𝑚𝑚𝑚𝑚 = 𝑚𝑚𝑚𝑚𝑚𝑚 𝑆𝑆𝑆𝑆𝑢𝑢𝑢𝑢𝑢𝑢 ∗ 𝑓𝑓𝑝𝑝𝑝𝑝𝑝𝑝 ∗ 𝑓𝑓𝐶𝐶𝐶𝐶− ∗ 𝑓𝑓𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 ∗ 𝑓𝑓𝐹𝐹𝐹𝐹 ∗ 𝑓𝑓𝐶𝐶𝐶𝐶, 𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑙𝑙 ∗ 𝑓𝑓𝑏𝑏𝑏𝑏𝑏𝑏
𝑆𝑆𝑆𝑆𝑆𝑆𝐸𝐸𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = service life extension estimate experienced by deck
𝑆𝑆𝑆𝑆𝑆𝑆𝑚𝑚𝑚𝑚 = service life estimate of the maintenance action
𝑆𝑆𝑆𝑆𝑢𝑢𝑢𝑢𝑢𝑢 = upper bound considered for the service life extension
𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑙𝑙 = lower bound considered for the service life extension
𝑓𝑓𝑝𝑝𝑝𝑝𝑝𝑝 = reduction factor for pre-existing condition of the deck
𝑓𝑓𝐶𝐶𝐶𝐶− = reduction factor for severity of chloride exposure
𝑓𝑓𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = reduction factor for traffic exposure
𝑓𝑓𝐹𝐹𝐹𝐹 = reduction factor for freeze-thaw cycling
𝑓𝑓𝐶𝐶𝐶𝐶 = reduction factor for contractor experience & construction challenge
𝑓𝑓𝑏𝑏𝑏𝑏𝑏𝑏 = “augmentation“ factor for corrosion-resistant rebar



Probabilistic SLEE

 SLEE represented by a 
distribution rather than an 
exact number

 Monte Carlo simulation
 Probabilistic inputs give 

probabilistic outputs
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Deck Maintenance Action Feasible Range

Portland cement concrete or high 
performance concrete overlay

10 to 35 years



DM Algorithm: Calculating Slowed Rates
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1. Add SLEE to end of deck 
life.

2. Calculate adjustment ratio.
3. Draw DM of maintained 

deck using adjusted 
deterioration rates.



LCCA Overview
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 Defined cash flow:
 Agency costs
Maintenance, rehabilitation costs
 Replacement costs
 Salvage value

 User costs
 E.g., travel delays

Activity/Maintenance Profile

Bridge Age

𝑃𝑃𝑃𝑃 = 𝐹𝐹𝐹𝐹𝑛𝑛 ∗
1

1 + 𝑟𝑟 𝑛𝑛 n = age
r = discount rate

 Analysis period to make options comparable
 Future values discounted to present value:



Optimization Module

43 Wiss, Janney, Elstner Associates 

 Linear Weighted Sum Method
 Minimize agency life cycle costs
 Maximize remaining service life of the deck
 Minimize user life cycle costs

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑍𝑍𝑖𝑖 = 𝑊𝑊𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 �1
𝑆𝑆𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿,𝑖𝑖

+ 𝑊𝑊𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 �1
𝑆𝑆𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿,𝑖𝑖

+ 𝑊𝑊𝑅𝑅𝑅𝑅𝑅𝑅𝑆𝑆𝑅𝑅𝑅𝑅𝑅𝑅,𝑖𝑖

𝑆𝑆𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿,𝑖𝑖 =
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖

𝑚𝑚𝑚𝑚𝑚𝑚 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1, 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿2, … , 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑁𝑁
𝑆𝑆𝑅𝑅𝑅𝑅𝑅𝑅,𝑖𝑖 =

𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖
𝑚𝑚𝑚𝑚𝑚𝑚 𝑅𝑅𝑅𝑅𝑅𝑅1,𝑅𝑅𝑅𝑅𝑅𝑅2, … ,𝑅𝑅𝑅𝑅𝑅𝑅𝑁𝑁

Scaled values:



Auto-MAPs: The MAP Loop
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Assumption:
Next maintenance action occurs at 
end of life of previous maintenance 
action.
1. F&T Module relies on NBI 

forecasted by DM Algorithm. 
2. SLEE Algorithm:

 Relies on F&T Module to select 
next maintenance actions to 
analyze.

 Relies on forecasted NBI.
3. DM Algorithm relies on SLEE.

Note: Full life cycle must be characterized 
before conducting LCCA.



User-Defined MAPs: Sequence & Timing
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Same assumption: 
Next maintenance action occurs at 
end of life of previous maintenance 
action.
1. F&T Module relies on NBI 

forecasted by DM Algorithm. 
2. SLEE Algorithm:

 Relies on F&T Module to select 
next maintenance actions to 
analyze.

 Relies on forecasted NBI.
3. DM Algorithm relies on SLEE.
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