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FHWA Disclaimer
The U.S. Government assumes no liability for the use of the information contained in this document.

The views and opinions expressed in this presentation are the presenters’ and do not necessarily 
reflect those of FHWA or the U.S. Department of Transportation (USDOT). The contents do not 
necessarily reflect the official policy of the USDOT or FHWA. Except for any statutes or regulations 
cited, the content of this presentation and slides do not have the force and effect of law and are not 
meant to bind the public in any way.  This presentation and slides are intended only to provide 
information to the public regarding existing requirements under the law or agency policies. 

The U.S. Government does not endorse products, manufacturers, or outside entities. Trademarks,
names, or logos appear in this presentation and slides only because they are considered essential to
the objective of the presentation. They are included for informational purposes only and are not
intended to reflect a preference, approval, or endorsement of any one product or entity.

Bridge management software and deterioration modeling software are largely proprietary. Content
pertaining to proprietary software is included only to illustrate concepts and how analyses are applied
in practice. The included content shall not be construed as promotion or endorsement of specific
software.
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ADE: Agency Defined or Developed Elements
BLCCA: Bridge Life Cycle Cost Analysis

BCA: Benefit-to-Cost Analysis

BME: Bridge Management Elements
BMS: Bridge Management System

BrM: AASHTOWare Bridge Management System [Software]

BrR: AASHTOWare Bridge Rating [Software]
C: Cost

CFR: Code of Federal Regulation

CFRP: Carbon Fiber Reinforced Polymer
CRR: Corrosion Resistant Reinforcing steel

CSF: Critical Success Factor

DR: Discount Rate
ECR: Element Condition Ratings

EUAC: Equivalent Uniform Annual Cost

FV: Future Value
GCR: General Condition Rating

HI: Health Index

LCC: Life Cycle Cost
LCCA: Life Cycle Cost Analysis

Acronyms
LRFD: Load and Resistance Factor Design
MBEI: Manual for Bridge Element Inspection

MMFX: corrosion resistant alloy steel

NCHRP: National Cooperative Highway Research Program
NEPA: National Environmental Policy Act

NBE: National Bridge Element

NBI: National Bridge Inventory
PV: Present Value

ROW: Right-of-Way

RUC: Road User Costs
SCM: Supplemental Cementitious Materials

SCR: Special Contract Requirements

SDCL: Simple for Dead load and Continuous for Live load
SHRP: Strategic Highway Research Program

SL: Service Life

SLD: Service Life Design (durability design)
TAM: Transportation Asset Management

TAMP: Transportation Asset Management Plan

TPM: Transportation Performance Management 3



Key Resources

Bridge Management Systems Workshop
NCHRP Report 483: Bridge Life-Cycle Cost Analysis

SHRP2 R19A LCCA of New Bridge Design AlternativesNCHRP Report 483: BLLCA Software CD
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https://www.fhwa.dot.gov/bridge/management/FHWA_BMS_workbook_1120.pdf
https://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_483a.pdf
https://shrp2.transportation.org/documents/SHRP2_R19A_LCCA_Final_2-6-2019.pdf
https://apps.trb.org/cmsfeed/TRBNetProjectDisplay.asp?ProjectID=329


Learning Objectives
• Understand the principles of a LCCA for bridges
• Understand the basic steps in performing a LCCA
• Understand factors & inputs into performing a bridge LCCA 

and why they are important
• Design Life vs. Service Life
• Deterioration, Exposure Zones, and Durability
• Timing of Maintenance, Preservation, and Rehabilitation Actions
• Cost Types and Estimates
• Forecasting, Modeling Uncertainty, Optimization
• Time Value of Money, Present Value, Discount Rate
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LCCA is an Amalgamation of  

LCCA

Statistics

Engineering
(Design & 
Inspection)

Estimating

Economics

Program & 
Asset 

Management

Data 
Science
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Presentation Notes
a·mal·ga·ma·tion:  ”a: the action or process of uniting or merging two or more things” Amalgamation Definition & Meaning - Merriam-Webster (accessed 6.08.2023)




Life-Cycle Cost Analysis (LCCA) Basics
• Used to compare / select the most cost-effective alternative and

timing of activities (design with associated preservation and maintenance 
strategies) over the same time period (e.g., 75 or 100 years).

• Compares total costs of competing project implementation alternatives at 
the same level of service and benefits (these must be equal among 
project alternatives being considered) by finding the right balance between 
initial costs, maintenance costs, and the desired condition of the bridge.

• Time value of money: Money in the future is worth less than its 
present value so must be discounted to its present value.
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• Maintenance costs (assuming proper regular maintenance) are typically less 
than the costs of prematurely replacing a bridge.

• Maintenance of bridge components greatly influences the rate of their 
deterioration. 

• Planned maintenance tasks of different bridge components are closely related 
to the exposure zones and level of expected deterioration of the components. 
Based on these factors, the necessary maintenance precautions can be 
planned. 

• Carefully identify maintenance tasks, timing of tasks, and related unit costs 
since they greatly influence the outcome of LCCA.

LCCA Basics, cont.
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• Since constructing and managing a bridge covers a timeframe of 75 or more 
years, those costs need to be converted to a form that allows them to 
be compared. 

• Economists distinguish the value between a dollar today and one in the future 
(time value of money) through a process called discounting. 

• Discounting involves calculating the range of values of a dollar over a time 
horizon to find their present value.

LCCA Basics, cont.
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Basic Steps in a LCCA

1. Establish Design Alternatives

2. Determine Activity Timing

3. Estimate Costs

4. Compute Life-Cycle Costs

5. Analyze Results
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https://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_483.pdf
https://shrp2.transportation.org/documents/SHRP2_R19A_LCCA_Final_2-6-2019.pdf
https://www.fhwa.dot.gov/pavement/lcca/010621.pdf


Expanded Steps in a LCCA
1. Identify Bridge, Components, &/or Elements &/or Service Life Alternatives

2. Identify Exposure Zone(s) for Components & Elements

3. Determine Deterioration for Each Component & Element

4. Establish Maintenance* Tasks for Each Component & Element

5. Determine Frequency of Each Maintenance* Task 

6. Determine Quantities of Each Component & Element

7. Determine Unit Costs of Maintenance* Tasks

8. Calculate Activity Task Cost per Time for Each Maintenance* Action                      
(Unit Cost x Quantity)

9. Determine the Real Discount Rate & which Engineering Economics Formulas to Use

10. Calculate the Present Value Cost for Each Task Over Service Life

11. Calculate Total Present Value Cost

*The term maintenance is being used 
generically and refers to all activities 

which improve bridge conditions.

** Perform Simulations & Sensitivity Analyses to Optimize Costs, Design, & Maintenance Activities **
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https://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_483.pdf
https://shrp2.transportation.org/documents/SHRP2_R19A_LCCA_Final_2-6-2019.pdf


Design Alternative Considerations

Picture by FHWA 12



Activity Timing is Crucial

FHWA Bridge Preservation Guide

SHRP2 R19A LCCA of New Bridge Design Alternatives 13

https://www.fhwa.dot.gov/bridge/preservation/guide/guide.pdf
https://shrp2.transportation.org/documents/SHRP2_R19A_LCCA_Final_2-6-2019.pdf


Typical LCCA Costs

• Agency Costs (construction, operation (including 
inspections), maintenance, preservation, rehabilitation, 
demolition, residual value); 

• User Costs (congestion, detours, accidents, etc.); and

• Vulnerability Costs (seismic, scour, floods, overloads, 
collisions, fires, etc.)
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Computing LCCA
Money in the future is worth less than its present 
value so must be discounted to its present value.

Life-Cycle Cost Analysis Primer

Life-Cycle Cost Analysis Primer | FHWA

NCHRP Report 483 – BLCCA

SHRP2 R19A LCCA of New Bridge Design Alternatives
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https://www.fhwa.dot.gov/pavement/lcca/010621.pdf
https://www.fhwa.dot.gov/pavement/lcca/010621.pdf
https://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_483.pdf
https://shrp2.transportation.org/documents/SHRP2_R19A_LCCA_Final_2-6-2019.pdf


Analyzing Results
• Lowest Cost Alternative
• Sensitivity Analyses and Simulation
• Benefit-to-Cost Analysis (BCA)

• Considers the benefits of an improvement as well as its costs
• Use for different levels of service, utility, objectives, or 

duration (e.g., 75 years and 100 years)
• Goal is to maximize benefits

• Area-Under-the-Curve Method

Life-Cycle Cost Analysis Primer | FHWA
16

https://www.fhwa.dot.gov/pavement/lcca/010621.pdf


Be Aware & Beware of Your Data

Slide from: Use of IDT Testing for Asphalt Mixture Performance – Design and QC/QA (Bennett, 2019)

Garbage data image: New Course: Learn Advanced Data Cleaning in R | R-bloggers (accessed 6.08.2023)
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https://www.r-bloggers.com/2019/08/new-course-learn-advanced-data-cleaning-in-r/


Variability and Uncertainty 

• Deterministic: (most used) uses fixed discreet values
• Extrapolation
• Regression
• Curve-fitting techniques

• Stochastic (probabilistic): defines input variables by a probability distribution
• Markov-Chains & Markov-Chain Monte Carlo

• Markov Transition Probability models are often used in deterioration modeling

• Time-in-Condition Rating (TICR) for bridge deterioration models

• Other: Bayesian-based statistical models, neural networks, machine learning, 
deep learning, Artificial Intelligence

To address variability and uncertainty associated with input 
factors, utilize either or both computational approaches:
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Presenter Notes
Presentation Notes
Stochastic: stay-ka-stic

https://nap.nationalacademies.org/catalog/22617/design-guide-for-bridges-for-service-life


Simulation and Sensitivity Analyses
• Helps reveal which variables have greater uncertainty and influence LCCA results
• Ideally, the “best” alternative will have the lowest present value in the most likely of “what-if” situations
• Determine acceptable risk levels
• Re-evaluate parameters and alternatives as needed

Variability and Uncertainty 

• Schedule 
• Work hour or noise restrictions
• Sequencing of activities
• Construction considerations, staging, hoisting
• Permitting (NEPA, oversized and superloads, etc.)
• Detours, lane closures, and traffic control
• Labor / technical expertise shortages

Remember Other Influences
• Location: urban / rural and proximity of source 
materials to site

• Trucking routes and bridge load ratings 
leading to the project

• Economy of scale
• Bidding and contract methodology and 
requirements

• Designer and contractor risk
19



Bridge Parts Definitions
Bridge Element: Individual bridge member (e.g., girder, beam, bent, stem, 
bearing, railing, etc.).

Bridge Component: A combination of bridge elements forming one of the three 
major portions of a bridge that makes up the entire structure. The three major 
components of a bridge system are substructure, superstructure, and deck.

Bridge Subsystem: A combination of two or more bridge elements acting 
together to serve a common structural purpose (e.g., such as a composite girder 
which could consist of girder, reinforcement, and concrete).

Bridge System: The three major components of the bridge combined to form a 
complete bridge. 

Design Guide for Bridges for Service Life 
20

https://nap.nationalacademies.org/catalog/22617/design-guide-for-bridges-for-service-life


Step 1: Establish Design Alternatives
• Establish Required Design Criteria & Factors of Initial Design

• Spans, Loads, Geometric, Geotechnical, Layout, Clearances, ROW, NEPA, Economics 
of Design, etc.

• Determine Design Alternatives
• Bridge type, span ranges, span configurations, materials

• e.g., Concrete options: prestressed box beams, prestressed AASHTO beams, prestress bulb-tees 
Steel options: steel beams, steel plate girders, folded plate beams, SDCL

• Identify required activities throughout the structure’s service life for each 
alternative

• e.g., maintenance, preservation, rehabilitation, or element replacement for each element, 
subsystem, and/or within a system

21



Step 1. Cont.:  
• How do / will resiliency and sustainability considerations change 

designs and LCCA?

• Resiliency considerations will likely focus on durability 
and high risk / vulnerability factors.

• Sustainability considerations will likely require 
additional benefit-to-cost analyses to capture benefits 
of sustainability.

22



Durability & Service Life Considerations

• Ideally design(s) incorporate durability (Service Life Design) 
~ for each bridge element, component, subsystem, and system

• Service life design is beyond the structural load carrying capabilities and 
LRFD 3.4 Service Limit States I, II, and III 

• All materials deteriorate with time and at unique / individual rates, even a 
different locations within the same element

• Typically, when a structure reaches the end of its life the cause is primarily 
from material deterioration due to environmental exposure conditions 

• e.g., chlorides, chemicals, wet-dry cycles, freeze-thaw cycles, temperature and humidity factors, and even 
abrasion

Design Guide for Bridges for Service Life 
23

https://nap.nationalacademies.org/catalog/22617/design-guide-for-bridges-for-service-life


Durability & Service Life Considerations, Cont.
• Need to understand mechanisms of deterioration for each design and element, 

component, subsystem

• Designing for Service Life is similar to strength design to resist structural failure 
caused by external loads 

• External loads  ↔ Environmental factors
• Material strength  ↔ Durability properties

• Ideally develop deterioration models and service life models from inspections, 
testing, & historical data

• Based on environmental exposure conditions for each element

• Develop durability metrics and serviceability limit states to trigger actions (e.g., 
maintenance activities)

Design Guide for Bridges for Service Life 

SHRP2 R19A, IBC W05: Service Life Design of Bridges (2016) 24

https://nap.nationalacademies.org/catalog/22617/design-guide-for-bridges-for-service-life
https://shrp2.transportation.org/documents/R19A_Service_Life_Design_of_Bridges.pdf


Service Life Durability Strategies

• Avoidance approach:
• Eliminating the environmental exposure actions 

• e.g., Use of non-reactive aggregates, stainless steel, barrier systems

• Using materials with resistance well beyond the requirements needed 
• e.g., Corrosion resistant reinforcement, CCR (stainless steel, MMFX, CFRP, etc.) ~ see ASTM A1035 & AASHTO M 334
• e.g., Concrete with increased cover and SCMs (e.g., slag, fly ash, silica fume) and / or corrosion inhibitors

• Not always the most cost-effective solution

• Design to resist approach
• Full probabilistic method
• Partial safety factor method
• Deemed-to-satisfy method

• Multiple strategies may be needed on a single bridge

Design Guide for Bridges for Service Life 

SHRP2 R19A, IBC W05: Service Life Design of Bridges (2016) 25

https://nap.nationalacademies.org/catalog/22617/design-guide-for-bridges-for-service-life
https://shrp2.transportation.org/documents/R19A_Service_Life_Design_of_Bridges.pdf


Obsolescence Awareness

“Factors that can cause obsolescence:
• Technological changes influence the scope or levels of services a bridge is to provide

• e.g., when heavier loads are permitted than those loads for which the bridge was initially designed

• Regulatory changes impose new requirements on infrastructure
• e.g., when safety requirements change the lane or shoulder widths required

• Economic or social changes can alter the demands placed on infrastructure
• e.g., when development generates traffic substantially above levels envisioned in design

• Changes in values or behavior can similarly alter demands but are more difficult to 
foresee”

• e.g., equitable community access 

NCHRP Report 483
26

https://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_483.pdf


Service Life Design
Resources

SHRP2 R19A: Project Briefing

SHRP2 R19A: Project Briefing
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SHRP2: Service Life Design for Bridges, Summary Guide 27

https://onlinepubs.trb.org/onlinepubs/shrp2/SHRP2_PB_R19A_2013-08.pdf
https://onlinepubs.trb.org/onlinepubs/shrp2/SHRP2_PB_R19A_2013-08.pdf
https://nap.nationalacademies.org/catalog/22617/design-guide-for-bridges-for-service-life
https://shrp2.transportation.org/documents/Summary_Guide_WIP_Main_Report_v6.pdf


Service Life Design Resources

AASHTO SHRP2 - Service Life Design for Bridges 28

https://shrp2.transportation.org/Pages/ServiceLifeDesignforBridges.aspx


Service Life Design Process

Design Guide for Bridges for Service Life
29

https://nap.nationalacademies.org/catalog/22617/design-guide-for-bridges-for-service-life


Design Guide for Bridges for Service Life
30

https://nap.nationalacademies.org/catalog/22617/design-guide-for-bridges-for-service-life


SHRP2: Service Life Design for Bridges, Summary Guide
31

https://shrp2.transportation.org/documents/Summary_Guide_WIP_Main_Report_v6.pdf


Initiation: No visible damage

Propagation: Corrosion begins 
and propagates

Reinforced Concrete Corrosion
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SHRP2 R19A: Service Life Design for Bridges, Academic Toolbox

32

https://shrp2.transportation.org/documents/Summary_Guide_WIP_Main_Report_v6.pdf
https://nap.nationalacademies.org/catalog/22617/design-guide-for-bridges-for-service-life
https://nap.nationalacademies.org/catalog/22617/design-guide-for-bridges-for-service-life
https://shrp2.transportation.org/documents/SHRP2_R19A_AcademicToolbox_5_09_18_Final.pdf


SHRP2 R19A, IBC W05: Service Life Design of Bridges (2016)

33

https://shrp2.transportation.org/documents/R19A_Service_Life_Design_of_Bridges.pdf


• Atmospheric: Exposed to airborne chlorides. Temperature and humidity variations, 
including freeze-thaw

• Direct de-icing salts: Exposed to alternating wetting and drying, freeze/thaw with 
direct exposure to de-icing salts, and temperature variations

• Indirect de-icing salts: Exposed to alternating wetting and drying, freeze/thaw with 
indirect exposure to de-icing salts, leakage from deck joints, and temperature variations

• Water level or tidal zone: Exposed to atmospheric conditions and alternating wetting 
and drying from a body of water (could be fresh water or salted water), temperature 
variations, possibly ice abrasion

• Submerged: Permanently submerged in water

• Buried: Permanently buried in soil

Typical Exposure Zones

SHRP2 R19A LCCA of New Bridge Design Alternatives
34

https://shrp2.transportation.org/documents/SHRP2_R19A_LCCA_Final_2-6-2019.pdf


Example Exposure Zones

SHRP2 R19A LCCA of New Bridge Design Alternatives

SHRP2 R19A: Service Life Design for Bridges, Academic Toolbox

35

https://shrp2.transportation.org/documents/SHRP2_R19A_LCCA_Final_2-6-2019.pdf
https://shrp2.transportation.org/documents/SHRP2_R19A_AcademicToolbox_5_09_18_Final.pdf


Example Service Life by Component

SHRP2 R19A LCCA of New Bridge Design Alternatives

36

https://shrp2.transportation.org/documents/SHRP2_R19A_LCCA_Final_2-6-2019.pdf


Example of Steel Exposure in Marine Zone:

SHRP2: Service Life Design for Bridges, Summary Guide 37

https://shrp2.transportation.org/documents/Summary_Guide_WIP_Main_Report_v6.pdf


Slides from Mike Dallaire’s Fort Pulaski Project Innovations’ 2018 presentation for EFL-FHWA

Service Life Example (using Life-365)

38



LTBP Tools and Products | FHWA (dot.gov)

Condition Forecasting (using InfoBridge)

39

https://highways.dot.gov/research/long-term-infrastructure-performance/ltbp/products


The degree and timing of maintenance 
and preservation activities of bridge 

components has a large influence on the 
rate of deterioration and thus the 

service life of the structure and total 
LCCA results

Step 2: Determine Activity Timing

NBIS Metrics 6 to 10 provides requirements for bridge inspection frequencies
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https://nap.nationalacademies.org/catalog/22617/design-guide-for-bridges-for-service-life


Step 2: Cont.

SHRP2 R19A LCCA of New Bridge Design Alternatives 41

https://shrp2.transportation.org/documents/SHRP2_R19A_LCCA_Final_2-6-2019.pdf


Determine analysis period (must be the same for all alternatives)
• Use BCA for non-similar duration and other factor comparisons
• The analysis period should include the total duration of cost differences between the alternatives
• Alternatives do not need to have same number of activities during the analysis period

Determine activities and timing / frequency of activities
• e.g., annual, bi-annual, every x years, etc. for each element, component, and/or subsystem 

• Ideally base some of the timing of the work from deterioration models, inspections, and experience
• Determine approximate degree of condition improvement

Discuss with timing with other program areas (is it realistic?):
• Maintenance, Estimating, Program Management, Materials, Bridge Inspection, Construction, Asset 

Management, District / local offices, Economic and Infrastructure Development, Environmental, etc.

Optimal interval between maintenance tasks is found by repeating the LCCA for 
different maintenance schedules (sensitivity analysis and/ or simulation) and predicting the 

lowest cost-scenario

Step 2: Determine Activity Timing

42



Typical LCCA Activity Phases:
• Design
• Construction
• Maintenance Activities (seasonal routine and preventive, cyclical 

and condition-based)
• Preservation Activities (every x years)
• Rehabilitation / Replacement Activities (every n years)
• Demolition / Replacement

Step 2: Cont.

43



Ideally performance 
preservation 

activities around the 
transition from 

‘Good’  to ‘Fair’ state 
of condition (7  5)

FHWA Bridge Preservation Guide

Maintenance & Preservation Timing

44

https://www.fhwa.dot.gov/bridge/preservation/guide/guide.pdf


FHWA Bridge Preservation Guide

Maintenance & Preservation Timing

45

https://www.fhwa.dot.gov/bridge/preservation/guide/guide.pdf


Routine Maintenance: encompasses work that is performed in reaction to an event, season, or activities that 
are done for short-term operational need that do not have preservation value. This work requires regular 
reoccurring attention. 

Bridge Preservation: actions or strategies that prevent, delay, or reduce deterioration of bridges or bridge 
elements; restore the function of existing bridges; keep bridges in good or fair condition; and extend their service 
life. Preservation actions may be cyclic or condition-driven.

Preventive Maintenance: a cost-effective means of extending the service life of highway bridges by applying 
cost-effective treatments to bridge elements, including both cyclical and condition-based activities.  

Cyclical maintenance activities: performed on pre-determined intervals that aim to preserve and delay 
deterioration of bridge elements or component conditions.

Condition-based maintenance activities: performed on bridge components or elements in response to 
known defects identified through an inspection process. Improves the condition of that portion of the 
element, but may or may not result in an increase in the component condition rating.

Rehabilitation: involves major work required to restore the structural integrity of a bridge, as well as work 
necessary to correct major safety defects.  Provides complete or nearly complete restoration of bridge elements or 
components and require significant engineering resources for design, a lengthy completion schedule, and 
considerable costs. 

FHWA Activity Definitions*

* Important for FHWA Funding Eligibility
FHWA Bridge Preservation Guide 46

https://www.fhwa.dot.gov/bridge/preservation/guide/guide.pdf


Maintenance Activity Examples

FHWA Bridge Preservation Guide 47

https://www.fhwa.dot.gov/bridge/preservation/guide/guide.pdf


Example Activity Rules
Rules do not account for 
relative priority and benefit of 
different action types, or relative 
priority of bridges, which need to 
be considered when there are 
budget constraints. 

Other Factors of Consideration: 
• Net benefit of an action 
• Duration of extension of service life 
• Availability of specialty contractors 
• Coordination of work along route 

segments or bridge bundling 
contracts 

• Consideration of traffic operations

FHWA Bridge Preservation Guide 48

https://www.fhwa.dot.gov/bridge/preservation/guide/guide.pdf


Bridge Preservation Best Practices 
• A needs identification method that is uniform, specific, and repeatable.

• Can be based on National Bridge Inventory (NBI) major component condition 
ratings, detailed inspections and scopes, or element-level condition data. 

• A commitment by agency management to asset preservation. 

• Resource allocation determined by agency network goals and a bridge 
management system directed to preservation actions. 

• A process for categorization and/or prioritization that integrates agency 
objectives. 

• Verification and feedback on work completed.
FHWA Bridge Preservation Guide 49

https://www.fhwa.dot.gov/bridge/preservation/guide/guide.pdf


Establishing a Bridge Preservation Program

FHWA Bridge Preservation Guide 50

https://www.fhwa.dot.gov/bridge/preservation/guide/guide.pdf


3 General Cost Types:
1. Agency Costs
2. User Costs
3. Vulnerability Costs

Step 3: Estimating Costs

51



1. For simplified LCCA work and analysis, include only the costs that are 
different between the alternatives
~ LCCA does not require that all costs associated with each alternative be calculated

2. Determine residual value of components with remaining service life 
at the end of the bridge’s service Life

3. Perform quantity take-offs

Step 3: Cont.

Design Guide for Bridges for Service Life

SHRP2 R19A LCCA of New Bridge Design Alternatives 52

https://nap.nationalacademies.org/catalog/22617/design-guide-for-bridges-for-service-life
https://shrp2.transportation.org/documents/SHRP2_R19A_LCCA_Final_2-6-2019.pdf


4. Determine cost estimates and calculate unit costs for each activity
~ Unit costs have a great influence on the outcome of LCCA and should be decided carefully
~ A LCCA can include a cost contingency, added as a separate cost item, if the uncertainty on the different unit 
costs is deemed too high
~ Alternatively, in case of high uncertainty for a specific unit cost, a sensitivity analysis may be completed using 
minimum, average, and maximum expected unit cost values so that this uncertainty is considered in deciding 
which solution is most cost-effective
~ Don’t forget traffic control costs, especially if the alternatives require different traffic control

5. From Step 2, for each task frequency time combine costs for each 
task(s) for that time

6. Remember to address variability and uncertainty of inputs

Step 3: Cont.

Design Guide for Bridges for Service Life

SHRP2 R19A LCCA of New Bridge Design Alternatives 53

https://nap.nationalacademies.org/catalog/22617/design-guide-for-bridges-for-service-life
https://shrp2.transportation.org/documents/SHRP2_R19A_LCCA_Final_2-6-2019.pdf


DC & UC is often ignored

Life-Cycle Cost Mathematical Models

NCHRP Report 483 – BLCCA
54

https://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_483.pdf


Step 3: Cont.
Agency Costs
General Activities:
• Design (? - depends)
• Construction
• Maintenance Activities (seasonal routine and preventive, 

cyclical and condition-based)
• Preservation Activities (every x years)
• Rehabilitation / Replacement Activities (every n years)
• Demolition / Replacement

55



User Costs
• Associated with reduced traffic capacity in work zones to the User

• Delays (lost time), increased vehicle operating costs, and accidents / crash costs
• Timing, duration, scope, and number of construction, preservation, and replacement 

work zones should be included in each project alternative

• Very challenging to estimate precisely, but a greater focus on User 
Costs in recent years

• When calculated, user costs are often so large that they may 
substantially exceed agency costs, particularly for transportation 
investments being considered for high-traffic areas

Step 3: Cont.

Design Guide for Bridges for Service Life 56
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Oregon Department of Transportation (Doolen et al. 2011) developed a set of decision-making tools to determine if accelerated bridge construction techniques are more effective than traditional construction for a given bridge replacement or rehabilitation project. These tools incorporate quantified user costs as part of an LCCA evaluation.

https://nap.nationalacademies.org/catalog/22617/design-guide-for-bridges-for-service-life


User Costs, cont.
• Many agencies have been reluctant to incorporate user costs into 

LCCA because of the difficulty and uncertainty in assigning value to 
user delay time, or because user costs are not factored into agency 
budgets, and there’s a lack of time-travel market value (for non-
business travel)

• See Section 11.3.3 in the Design Guide for Bridges for Service Life 
for additional approaches for estimating user costs based on traffic 
volumes and user delays.

Step 3: Cont.

Design Guide for Bridges for Service Life
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https://nap.nationalacademies.org/catalog/22617/design-guide-for-bridges-for-service-life
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Vulnerability Costs 

Vulnerability costs are associated with extraordinary 
circumstances and risks, and often are not included in an 
LCCA for comparison of service life strategies. They are useful, 
however, in evaluating vulnerability of existing bridges that might have 
a high probability for one or more of these extreme events.

Vulnerability costs often very difficult to quantity due ranges of 
severity and magnitude of impacts

Step 3: Cont.

Design Guide for Bridges for Service Life 58

https://nap.nationalacademies.org/catalog/22617/design-guide-for-bridges-for-service-life


Vulnerability Costs 
Typical Vulnerability Considerations:

•Condition-related reduction in load capacity, service life, or both (due to deterioration if 
not addressed or conditions change)

•Seismic vulnerability
•Scour
•Floods
•Overloads
•Collisions
•Blasts
•Fires
•Safety: substandard bridge railing, guiderails, transitions, end treatments
•Legislative and Regulatory

Step 3: Cont.

Design Guide for Bridges for Service Life 59

https://nap.nationalacademies.org/catalog/22617/design-guide-for-bridges-for-service-life


Partial NCHRP 483 Vulnerability Example

NCHRP Report 483 – BLCCA 60

https://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_483.pdf


NCHRP 483 Example Input Variables
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Bid Histories | ODOT (ohio.gov)

Historical ODOT Bid Data
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https://www.dot.state.oh.us/Divisions/ConstructionMgt/Estimating/Pages/Bid_Histories.aspx


Reminder
The total LCCA of a specific bridge component (and of 
the entire bridge) depends on the chosen maintenance 
schedule particularly considering that maintenance may 
require partial closures and incurrence agency costs due 
to mobilization and maintenance of traffic, and user costs 
due to delay.

63



Money in the future is worth less than its present 
value so must be discounted to its present value

Step 4. Compute Life-Cycle Costs

NCHRP Report 483 – BLCCALife-Cycle Cost Analysis Primer
64

https://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_483.pdf
https://www.fhwa.dot.gov/pavement/lcca/010621.pdf


1. Determine real discount rate
~ For LCCA of bridges, typically a real discount rate of 2% to 4% per year is used

2. Determine formulas and calculate present value for each 
cost for each alternative
~ Process translates cashflows over time into common units
~ Analysis period must be the same for all alternatives (ideally its optimal service life)
~ Beginning of first year is traditionally defined as “Time 0”
~ Use BCA for non-similar analysis periods and benefits or other factor comparisons

3. Remember to address variability and uncertainty of inputs

Step 4. Compute Life-Cycle Costs

65



Effect of Discount Rate on Present Value

Note as the discount rate increases the present 
value decreases, i.e., your funds are worth less

• Carefully choice the real discount rate since it has a significant influence on the outcome of the LCCA 
• Sometimes it is necessary to carry out LCCAs with different real discount rates to assess the sensitivity of the 

analysis
• Low real discount rates favor current expenditures whereas high rates reduce the present value of future costs 

and consequently tend to favor options with low capital cost, short life and high recurring cost.
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https://nap.nationalacademies.org/catalog/22617/design-guide-for-bridges-for-service-life
https://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_483.pdf


Basic Net Present Value (NPV, PV) Formulas

Step 4. Cont.

always ≤ 1

Each year (period) will have a different discount factor 

Design Guide for Bridges for Service Life
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Step 4. Cont.: Formulas

* Some formulas 
for the same 

variable in other 
sources have 

different  terms 
within the formula

NCHRP Report 483 – BLCCA 68

https://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_483.pdf


SHRP2 R19A LCCA of New Bridge Design Alternatives
69

https://shrp2.transportation.org/documents/SHRP2_R19A_LCCA_Final_2-6-2019.pdf


• Compare initial and life-cycle costs associated with each alternative

• Determine lowest cost or optimal cost-effective solution
• Consider anticipated funding and staffing levels

• Reanalyze LCCA alternatives by perform sensitivity analyses and 
simulation

• If the alternatives provide different levels of service, then the alternative 
that provides the best overall long-term benefit can also be compared 
using Benefit-to-Cost Analysis (BCA)

• Considers the benefits of an improvement as well as its costs
• Use for different levels of service, utility, objectives, or duration (e.g., 75 years and 100 years)
• Goal is to maximize benefits

Step 5. Analyze Results
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Note smaller 
discount factors 
as time increase.

Example LCCA
Alternative A:
• Fewer construction and rehab activities
• More extensive work and work zones per 

activity
• Higher cost per activity

Alternative B:
• Requires more frequent activities and use of 

work zones
• Shorter work zone durations
• Lower cost per activity
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https://www.fhwa.dot.gov/pavement/lcca/010621.pdf


“Based on this information alone, the decision-maker could lean toward either Alternative A (based on overall cost) or 
Alternative B (due to its lower initial and total agency costs). 

However, more analysis might prove beneficial. 

… Alternative B might be revised to see if user costs could be reduced through improved traffic management 
during construction and rehabilitation. 

Sensitivity analysis could be performed based on discount rates or key assumptions concerning construction and 
rehabilitation costs. 

Finally, probabilistic analysis could help to capture the effects of uncertainty in estimates of timing or magnitude 
of costs developed for either alternative.”

Example LCCA
Alternative A:
• Lowest combined agency and user 

costs 

Alternative B:
• Lowest initial construction and total 

agency costs 

Life-Cycle Cost Analysis Primer
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Simple SHRP2 Example #1

SHRP2 R19A LCCA of New Bridge Design Alternatives
73

https://shrp2.transportation.org/documents/SHRP2_R19A_LCCA_Final_2-6-2019.pdf


Simple SHRP2 Example #1, cont.

SHRP2 R19A LCCA of New Bridge Design Alternatives
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Simple SHRP2 Example #1, cont.

SHRP2 R19A LCCA of New Bridge Design Alternatives 75
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Simple SHRP2 Example #1, cont.

SH
RP

2 
R1

9A
 L

CC
A 

of
 N

ew
 B

rid
ge

 D
es

ig
n 

Al
te

rn
at

ive
s

76

https://shrp2.transportation.org/documents/SHRP2_R19A_LCCA_Final_2-6-2019.pdf


Simple SHRP2 Example #1, cont.
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Simple SHRP2 Example #1, cont.
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Simple SHRP2 Example #1, cont.

SHRP2 R19A LCCA of New Bridge Design Alternatives
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Simple SHRP2 Example #2
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Simple SHRP2 Example #2, cont.

SHRP2 R19A LCCA of New Bridge Design Alternatives
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Simple SHRP2 Example #2, cont.

SHRP2 R19A LCCA of New Bridge Design Alternatives
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Simple SHRP2 Example #2, cont.
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Simple SHRP2 Example #2, cont.
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Simple SHRP2 Example #2, cont.
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Simple SHRP2 Example #2, cont.

SHRP2 R19A LCCA of New Bridge Design Alternatives
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Simple SHRP2 Example #2, cont.

RUC: Road User Costs
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Simple SHRP2 Example #2, cont.

RUC: Road User Costs
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Presenter Notes
Presentation Notes
“BMS helps you create a systematic process to manage your bridges in accordance to your agency’s goals and objectives.”
“This is a cyclical business process that is done on periodic basis (typically annually) within the agency.”

https://www.fhwa.dot.gov/bridge/management/FHWA_BMS_workbook_1120.pdf
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Presenter Notes
Presentation Notes
“The foundation of any BMS is collecting, storing, and managing bridge inventory and condition assessment data including bridge inspection and load rating information.” Typically inventory from the “National Bridge Inventory (NBI) and agency defined inventory items are used in a BMS” and “General Condition Ratings (GCR) and element condition ratings”.

NBIS Metrics 6 to 10 provides requirements for bridge inspection frequencies.

https://www.fhwa.dot.gov/bridge/management/FHWA_BMS_workbook_1120.pdf


Feeds into LCCA
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Presenter Notes
Presentation Notes
“The first step an agency should take when developing a bridge strategic plan and bridge management system is to develop goals, objectives, and performance measures.“
“…calculate a bridge health index which BMS software often uses as a performance measure” which are typically compartmentalized into good, fair, and poor.

https://www.fhwa.dot.gov/bridge/management/FHWA_BMS_workbook_1120.pdf
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Presenter Notes
Presentation Notes
“As shown in this chart, taken from the FHWA Bridge Preservation Guide, bridge deterioration modeling is an important part of determining bridge programs and project selection. As bridges deteriorate, they enter different categories of work. Bridges in good to fair condition typically only need cyclic or preventive maintenance. Bridges in fair to poor condition need rehabilitation, and bridges in poor or worse condition often need partial or full replacement. 

“Note that bridges with multiple components in poor or worse condition often need replacement. For example, bridges with only deck in poor condition often only need decks replaced.” 


https://www.fhwa.dot.gov/bridge/management/FHWA_BMS_workbook_1120.pdf
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Presenter Notes
Presentation Notes
“Deterioration curves will vary depending on the time window from which data is mined to develop the curves. Variances may occur from changing design, construction, maintenance, and preservation policies. Keep in mind that generally native deterioration curves without the effects of preservation actions are input in BMS. When using native curves, applying planned work actions have the effect of placing a component or element at a higher position on the curve, or in the case of applied protective systems, slows the rate of deterioration of the protected component or element.” 

https://www.fhwa.dot.gov/bridge/management/FHWA_BMS_workbook_1120.pdf
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Presenter Notes
Presentation Notes
“Deterioration models are very important to a BMS, as they allow us to predict the future condition of the bridge components and/or elements.”

https://www.fhwa.dot.gov/bridge/management/FHWA_BMS_workbook_1120.pdf
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Presenter Notes
Presentation Notes
“Key inputs into a BMS are actions (also called treatments or projects), “triggers” that identify actions that are feasible to take, costs for these actions, and benefit of these actions. In BMS workflow, feasible actions are later analyzed to determine the optimal actions to perform.”
“Actions are triggered by either agency rules or engineering-economic analysis. Agency rules are network level and project level. Network level agency rules can include determination of when a bridge becomes eligible for work in categories such as preservation, rehabilitation, and replacement projects. Project level agency rules can include a decision tree for selecting work actions dependent upon material type and condition.”

https://www.fhwa.dot.gov/bridge/management/FHWA_BMS_workbook_1120.pdf
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Presenter Notes
Presentation Notes
"Life-cycle modeling and risk assessment are key components of a BMS.” 
“agency costs and life-cycle modeling including life-cycle cost analysis” … as well as “user costs and how these can be incorporated into LCCA.”  Often risk assessments are included in a BMS.


https://www.fhwa.dot.gov/bridge/management/FHWA_BMS_workbook_1120.pdf
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Presenter Notes
Presentation Notes
“Benefit/Cost analysis is used in a BMS to compare the value of different actions (treatments) to a bridge or a network of bridges. It can compare different objectives on a common scale.“

https://www.fhwa.dot.gov/bridge/management/FHWA_BMS_workbook_1120.pdf
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Presenter Notes
Presentation Notes
“prioritization and optimization and will show how scenario models are used to develop optimum strategic investment plans.”  
A primary benefit of BMS software is the combination of the various silos of data and the mathematical optimization and simulation models for comparison. 


https://www.fhwa.dot.gov/bridge/management/FHWA_BMS_workbook_1120.pdf


Transportation Asset Management Plan (TAMP) | Ohio Department of Transportation
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Presenter Notes
Presentation Notes
“ODOT maintains one of the largest transportation systems within the United States, containing:” “Over 14,000 bridges” 
“14,000 bridges = These are only the Ohio-defined bridges, 10-ft or greater, on or over a state route. This is not close to the “second largest inventory in the nation”. There are 45,000 state-defined bridges in Ohio and 27,000 federally defined bridges in Ohio. This second number, 27,000, is the “second largest…” federally defined “…inventory in the nation”. ODOT only manages 10,000 of these. Locals and turnpike manage the rest.”

https://www.transportation.ohio.gov/programs/asset-management/resources/asset-management-plan


Transportation Asset Management Plan (TAMP) | Ohio Department of Transportation
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https://www.transportation.ohio.gov/programs/asset-management/resources/asset-management-plan


Transportation Asset Management Plan (TAMP) | Ohio Department of Transportation
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Transportation Asset Management Plan (TAMP) | Ohio Department of Transportation
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Transportation Asset Management Plan (TAMP) | Ohio Department of Transportation
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“Each type of treatment serves a different function in keeping an 
asset operational and the costs vary as the magnitude of the 
treatment increases. Life cycle strategies that promote the timely 
application of maintenance and preservation treatments, such as 
the strategies we have adopted, are cost-effective because they 
defer the need for more costly rehabilitation and reconstruction 
activities.”

Transportation Asset Management Plan (TAMP) | Ohio Department of Transportation
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Presenter Notes
Presentation Notes
“Each type of treatment serves a different function in keeping an asset operational and the costs vary as the magnitude of the treatment increases. Life cycle strategies that promote the timely application of maintenance and preservation treatments, such as the strategies we have adopted, are cost-effective because they defer the need for more costly rehabilitation and reconstruction activities.”
“Initial Construction – This category refers to the construction of new assets, including Pavements or Bridges, on new alignments.”
“Reconstruction – Work activities in this category involve the complete replacement of an existing asset to serve the same alignment once the asset reaches the end of its service life. ... For a Bridge or Conduit, it involves the complete replacement of the Bridge or an open-cut replacement of a Conduit.”
“Rehabilitation – This category involves major work to restore the structural integrity of an asset as well as work that may be necessary to correct major safety defects. ... For Bridges, repairs to, or replacement of, one or more major Bridge elements, such as deck replacement or substructure rehabilitation may be included. 
“Preservation – This category includes low-cost treatments applied to assets in relatively good condition to slow the rating of deterioration or address minor repairs. ... For Bridges, it includes Bridge and joint sealing, Bridge deck resealing, and painting of steel elements. 
“Routine Maintenance – Maintenance activities may include cyclic activities, such as joint sealing or crack filling, to prevent damage to underlying layers. Routine maintenance may also include repairs to address safety-related issues to keep the asset operational. 

https://www.transportation.ohio.gov/programs/asset-management/resources/asset-management-plan


Asset Life Cycle
Initial Construction – This category refers to the construction of new 
assets, including Pavements or Bridges, on new alignments.
Reconstruction – Work activities in this category involve the complete 
replacement of an existing asset to serve the same alignment once the 
asset reaches the end of its service life. ... For a Bridge or Conduit, it 
involves the complete replacement of the Bridge or an open-cut 
replacement of a Conduit.
Rehabilitation – This category involves major work to restore the 
structural integrity of an asset as well as work that may be necessary to 
correct major safety defects. ... For Bridges, repairs to, or replacement of, 
one or more major Bridge elements, such as deck replacement or 
substructure rehabilitation may be included. 
Preservation – This category includes low-cost treatments applied to 
assets in relatively good condition to slow the rating of deterioration or 
address minor repairs. ... For Bridges, it includes Bridge and joint sealing, 
Bridge deck resealing, and painting of steel elements. 
Routine Maintenance – Maintenance activities may include cyclic 
activities, such as joint sealing or crack filling, to prevent damage to 
underlying layers. Routine maintenance may also include repairs to 
address safety-related issues to keep the asset operational. 

Transportation Asset Management Plan (TAMP) | Ohio Department of Transportation
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https://www.transportation.ohio.gov/programs/asset-management/resources/asset-management-plan


Resources

Bridge Management Systems Workshop (2020) | FHWA (dot.gov)
NCHRP Report 483 – Bridge Life-Cycle Cost Analysis (trb.org)

SHRP2_R19A_LCCA_Final_2-6-2019.pdf (transportation.org)NCHRP Rpt 483 -- BLLCA Software CD

119

https://www.fhwa.dot.gov/bridge/management/FHWA_BMS_workbook_1120.pdf
https://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_483a.pdf
https://shrp2.transportation.org/documents/SHRP2_R19A_LCCA_Final_2-6-2019.pdf
https://apps.trb.org/cmsfeed/TRBNetProjectDisplay.asp?ProjectID=329


Resources

Maximizing the Value of Investing using LCCA | ASCE
Life-Cycle Cost Analysis Primer | FHWA

Comparison of Software Packages for Life Cycle 
Cost & Benefit Analysis of Highway Projects

120

https://www.asce.org/-/media/asce-images-and-files/advocacy/documents/asce-eno-life-cycle-report.pdf
https://www.fhwa.dot.gov/pavement/lcca/010621.pdf
https://www.researchgate.net/publication/268586019_Comparison_of_Software_Packages_for_Life_Cycle_Cost_and_Benefit_Analysis_of_Highway_Projects


Resources

FHWA Bridge Preservation Guide (dot.gov)NCHRP 494  LCCA for Management of Highway Assets | TRB

BridgeLCC 2.0 Users Manual (nist.gov)

BridgeLCC | NIST

121

https://www.fhwa.dot.gov/bridge/preservation/guide/guide.pdf
https://nap.nationalacademies.org/catalog/23515/life-cycle-cost-analysis-for-management-of-highway-assets
https://tsapps.nist.gov/publication/get_pdf.cfm?pub_id=907943
https://www.nist.gov/services-resources/software/bridgelcc


Resources

Specifications for the National Bridge Inventory (dot.gov)
FHWA Computation Procedure for the Bridge Condition 

Measures | FHWA (dot.gov) Manual of Bridge Inspection (2014) | ODOT (ohio.gov)

122

https://www.fhwa.dot.gov/bridge/snbi/snbi_march_2022_publication.pdf
https://www.fhwa.dot.gov/tpm/guidance/hif18023.pdf
https://www.transportation.ohio.gov/wps/wcm/connect/gov/d231da1b-f7f1-417a-aa4a-7a4e3b96f348/Manual+of+Bridge+Inspection+2014+-+optimized.pdf?MOD=AJPERES&CONVERT_TO=url&CACHEID=ROOTWORKSPACE.Z18_K9I401S01H7F40QBNJU3SO1F56-d231da1b-f7f1-417a-aa4a-7a4e3b96f348-osV1Elt


Resources

Bridge Design Manual (2020) | ODOT (ohio.gov)

Ohio Bridge Inventory Guide | ODOT (ohio.gov)

Bridge Maintenance Manual | ODOT (ohio.gov)

123

https://www.transportation.ohio.gov/working/engineering/structural/bdm
https://www.transportation.ohio.gov/wps/wcm/connect/gov/03cd9114-3273-42ee-a601-29f08d06592d/Bridge+Inventory+Coding+Guide+2021-01.pdf?MOD=AJPERES&CONVERT_TO=url&CACHEID=ROOTWORKSPACE.Z18_M1HGGIK0N0JO00QO9DDDDM3000-03cd9114-3273-42ee-a601-29f08d06592d-osV24gh
https://www.transportation.ohio.gov/working/engineering/structural/bmm


Resources

SHRP2_Service Life Design for Bridges, 
Summary Guide (2019) (TRB)

SHRP2  Design Guide for Bridges for Service Life (TRB)
SHRP2 R19A Service Life Design for Bridges, 

Academic Toolbox (transportation.org)
124

https://shrp2.transportation.org/documents/Summary_Guide_WIP_Main_Report_v6.pdf
https://nap.nationalacademies.org/catalog/22617/design-guide-for-bridges-for-service-life
https://shrp2.transportation.org/documents/SHRP2_R19A_AcademicToolbox_5_09_18_Final.pdf


SHRP2 S2-R19A-RW-1  -- Bridges for Service Life 
Beyond 100 Years - Innovative Systems, Subsystems, 

and Components | NAP

Resources

SHRP2 S2-R19B-RW-1 Bridges for Service Life Beyond 100 
Years: Service Limit State Design | NAP Service Life Design Reference Guide (dot.gov)

125

https://nap.nationalacademies.org/catalog/22479/bridges-for-service-life-beyond-100-years-innovative-systems-subsystems-and-components
https://nap.nationalacademies.org/download/22441
https://www.fhwa.dot.gov/bridge/preservation/docs/hif22052.pdf


Resources

Corrosion evaluation of novel coatings for steel 
components of highway bridges. (bts.gov) NCHRP20-68A_15-03  Successful Preservation 

Practices for Steel Bridge Coatings (trb.org)
Manual on Service Life of Corrosion-Damaged Reinforced 

Concrete Bridge Superstructure Elements (NAP)
126

https://rosap.ntl.bts.gov/view/dot/28779
https://onlinepubs.trb.org/onlinepubs/nchrp/docs/NCHRP20-68A_15-03.pdf
https://nap.nationalacademies.org/catalog/13934/manual-on-service-life-of-corrosion-damaged-reinforced-concrete-bridge-superstructure-elements


Resources

Steel Bridge Design Handbook: Corrosion Protection 
of Steel Bridges (bts.gov) Improved Corrosion-Resistant Steel for Highway 

Bridges Construction (bts.gov)
Coating Performance on Existing Steel Bridge 

Superstructures (bts.gov) 127

Presenter Notes
Presentation Notes
FHWA-HIF-16-002 - Vol. 19 -- Steel Bridge Design Handbook, Corrosion Protection of Steel Bridges (2015).pdf

https://rosap.ntl.bts.gov/view/dot/42715
https://rosap.ntl.bts.gov/view/dot/36493
https://rosap.ntl.bts.gov/view/dot/51754


Resources

128



Resources

ACI Store
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https://www.concrete.org/store/


Free Bridge LCCA Tools

BridgeLCC | NIST

Life-365 Software Overview

Life-365 Software Download

130

https://www.nist.gov/services-resources/software/bridgelcc
http://www.life-365.org/overview.html
http://www.life-365.org/download.html


Resources

Long-Term Bridge Performance (LTBP) Program | FHWA (dot.gov) LTBP InfoBridge ™ | FHWA (dot.gov)
131

https://highways.dot.gov/research/long-term-infrastructure-performance/ltbp/long-term-bridge-performance
https://highways.dot.gov/research/long-term-infrastructure-performance/ltbp/infobridge


Resources

LTBP Tools and Products | FHWA (dot.gov)132

https://highways.dot.gov/research/long-term-infrastructure-performance/ltbp/products


Resources

Structural Engineering | ODOT (ohio.gov)

Bridge Inspection & Inventory | ODOT (ohio.gov)

AssetWise | ODOT (ohio.gov)

133

https://www.transportation.ohio.gov/working/engineering/structural/home
https://www.transportation.ohio.gov/working/engineering/structural/inspection
https://www.transportation.ohio.gov/working/data-tools/resources/assetwise-inspection-system


Bid Histories | ODOT (ohio.gov)

Resources

Performance Monitoring | ODOT (ohio.gov) Bid Analysis & Review | ODOT (ohio.gov)

134

https://www.dot.state.oh.us/Divisions/ConstructionMgt/Estimating/Pages/Bid_Histories.aspx
https://www.transportation.ohio.gov/programs/statewide-planning-research/04-modeling-forecasting/performance-monitoring
https://www.dot.state.oh.us/Divisions/ConstructionMgt/Estimating/Pages/BART.aspx


Resources

Bridge – FHWA InfoTechnology (dot.gov) 135

https://infotechnology.fhwa.dot.gov/bridge/


Contact Info

Robert Hinman, P.E.
Pavement & Materials Engineer

Federal Highway Administration, Ohio Division
robert.hinman@dot.gov

(614) 280-6837
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