
Transportation Asset Management Webinar Series
Webinar 59

Incorporating Maintenance Costs 
into a TAMP

Sponsored by FHWA and AASHTO

October 19, 2022



FHWA/AASHTO Asset Management 
Webinar Series

• This is the 59th in a webinar series that has been 
running since 2012

• Webinars are held every two months, on topics 
such as off-system assets, asset management 
plans, asset management and risk management, 
and more
– 3rd Wednesdays, 2PM Eastern

• We welcome ideas for future webinar topics and 
presentations

• Submit your questions using the webinar’s Q&A 
feature
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Today’s 
Agenda

1. Introductions – Anita Bush, Nevada DOT 
2. An Overview of NCHRP 23-08 Findings and Guidance

§ Brad Allen, Applied Pavement Technology, Inc.
§ Rob Zilay, Dye Management Group, Inc.

3. Using Maintenance Quality Assurance Data to Support 
Asset Management – Morgan Musick, Alabama DOT

4. The Role of Maintenance in the Life-cycles of Ancillary 
Assets – Trisha Stefanski, Minnesota DOT

5. Maintenance and Ancillary Assets in CDOT’s Asset 
Management Plan – Toby Manthey, Colorado DOT

6. Questions and Answers
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NCHRP 23-08: A Guide for Incorporating 
Maintenance Costs into a TAMP
• Research Objective: Develop a 

guide for state DOTs and other 
transportation agencies on 
incorporating maintenance costs in 
a risk-based TAMP

• Status: Final Guide and report 
submitted for review earlier this 
month

• Workshop: 2023 TRB Annual 
Meeting, Thursday morning
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Many Thanks to the Project Panel!
• Larry Goldstein, TRB
• Jennifer Weeks, TRB
• Anita Bush, Nevada DOT (Chair)
• John Daly, Alpha Infrastructure 

Management Group
• Chris Diaczoc, Maryland DOTSHA
• Louis Feagans, Indiana DOT

• Dr. Ning Li, Virginia DOT
• Dr. Nadereh Moini, New Jersey 

Sports & Exposition Authority
• Patrick Norman, North Carolina DOT
• Ken Valentine, Vermont DOT
• Steve Wilcox, New York State DOT
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Guide for 
Incorporating 
Maintenance Costs 
into a TAMP
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Topics
ÞBackground

§ Challenges to Incorporating Maintenance Costs into a TAMP
§ Intended User Groups

ÞFramework for Incorporating Maintenance into a TAMP
§ Defining Maintenance
§ Data Needed
§ Life-cycle Planning
§ Risk Management
§ Financial Planning
§ Investment Strategies

ÞImplementation and Continual Improvement
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Challenges to Incorporating 
Maintenance Costs into a TAMP

ÞLack of a common definition for maintenance
ÞLack of quality data
ÞLimited understanding of the  maintenance 

and asset life-cycle relationship
ÞImmature risk management practices
ÞSeparation of maintenance and capital 

budgets
ÞMaintenance and asset management have 

different budget or planning periods
ÞUnlike other work types, maintenance is 

applicable at all life-cycle stages

OBSTACLES
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Intended Users
ÞMaintenance Managers’ Concerns

§ Short-term operations

§ Annual budgets

§ Maintenance quality assessments

§ Maintenance budget 

§ Implementation of risk mitigation 
efforts

ÞAsset Managers’ Concerns

§ Long-term planning

§ 10-year investment strategies

§ Asset condition ratings

§ All funding

§ Enterprise and programmatic 
risks
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Framework
Overview
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Defining and 
Categorizing  
Maintenance 

Activities

✔
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Reliability 
Centered 

Maintenance
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Categorizing Maintenance 
Activities

Category Activity Examples

Operations and routine 
maintenance

Road patrol, mowing, snow and ice control.

Preventive maintenance Crack seal, chip seal, sweeping, drain 
cleaning, bridge washing.

Repair Mill and inlay, deck repair, replacement of 
parts.

Unit or major component 
replacement

Sign panel replacement, striping, traffic 
signal component replacement.

Organizational strengthening Training, safety briefings, management 
system use, planning supervision.
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Collecting 
Needed Data

✔
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Defining Performance for Different 
Maintenance Strategies

Approaches
Condition 

Data
Age / Last 
Treatment

Risk 
Data

Condition ü ü Optional

Interval Optional ü Optional

Reactive Optional Optional Optional

Risk Based Optional Optional ü
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Maintenance Quality Assurance 
Program

MQA program enables 
ALDOT to compare 
asset condition over 
time and across 
organizational units in 
a consistent manner.

ALABAMA DOT EXAMPLE
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Tracking Maintenance by Contract 
Costs
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Supporting 
Life-Cycle 
Planning 

(LCP)

✔
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Approaches 
for 

Considering 
Maintenance 
Costs in LCP

© 2017 Applied Pavement Technology 
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Addressing 
Risk

✔
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Incorporating Maintenance Costs 
into Risk Management

ÞFunding fluctuation
ÞAging infrastructure
ÞStaffing
ÞNew infrastructure
ÞEnvironmental changes

ÞExtreme weather (emergency 
events and 23 CFR 667)

ÞEconomic disruption
ÞRegulations or requirements

TRENDS EVENTS
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Financial 
Planning ✔
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Financial Plan Development Process
The 7-step process helps agencies to list maintenance sources and 
uses to forecast maintenance costs for TAMP financial plan.

1. Determine 
TAM scope

2. Identify 
funding 
sources

3. Establish 
fund uses

4. List fund 
sources and 
uses

5. Validate 
list

6. Document 
constraints

7. Document 
fixed cost
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Financial 
Planning

✔
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Investment Strategy Development 
Process
This guidance adjusted the 10-step process established in NCHRP 
898 and FHWA guidance for maintenance activities that are not 
delivered through construction project.

1. Define role of 
maintenance

2. Identify existing 
commitments

3. Incorporate 
MMS & MQA data

4. Initial budget 
allocation

5. Identify projects 
and crew capacity

6. Develop 
scenarios

7. Review 
predictions

8. Finalize 
funding

9. Strategies to address 
performance gaps

10. Document 
assumptions & strategies
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Implementation 
and Continual 
Improvement

✔
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Keys to Success
ÞCoordination with capital program

§ ALDOT’s maintenance contracting
§ NYSDOT’s innovative maintenance 

contracting

ÞCoordinate timing of maintenance 
delivery
§ TDOT’s coordination among maintenance, 

safety, and operations

ÞTraining, equipping, and supplying
§ NYSDOT’s investment in organizational 

development
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NCHRP 23-08 Products
ÞA Guide for Incorporating Maintenance Costs into a TAMP
ÞExecutive Summary
ÞTech Memo
ÞPresentation
ÞWorkshop (To be held at the 2023 TRB Annual Meeting)
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Contact Information

ÞBrad Allen, PE
§ ballen@appliedpavement.com

ÞRob Zilay, PMP
§ rzilay@dyemanagement.com

mailto:ballen@appliedpavement.com
mailto:rzilay@dyemanagement.com


Collecting Inventory and Condition Data
NCHRP 23-08 Peer Exchange
November 12, 2022



Assistant Maintenance 
Management Engineer 

Responsible for the MMS and all 
data it containsMorgan 

Musick, PE Manages MQA Program & 
Condition Assessment Project

Responsible for Routine and 
Special Maintenance Expenses





Condition

Work Accomplished

Inventory

Routine Maintenance 
Spending on LOS

How does Non-Routine 
Maintenance $ Affect 
LOS?



Identify a Project
Archiving, disaster recovery

New app development

Analytics & machine learning

Specialized, compute intensive workloads

Data We Collect

Asphalt Pavement
• Potholes
• Raveling
• Shoving

Concrete Pavement
• Spalling
• Faulting
• Joint Sealing
• Punchouts
• Pumping
• Potholes

Paved/Unpaved Shoulders
• Edge Raveling
• Sweeping
• Drop Off
• High Shoulder

Drainage
• Drains
• Ditches
• Drop Inlets
• Curb & Gutter



Roadside
• Erosion Control – Slopes
• Vegetation
• Fences
• Litter

Traffic Services
• Pavement Markings & Legends
• Pavement Striping
• Raised Pavement Markers
• Delineators
• Object Markers
• Signals
• Signs – Regulatory, Warning & Other
• Guardrail
• Cable Rail
• Impact Attenuators
• Barrier Walls

Data We Collect



Annual Process – In-house and 
Vendor

Collect for 38 asset features
• 8,019 samples collected in 2022

Condition 
Assessment
Overview Sample-based approach: 

• 95% confidence interval for INT routes
• 90% confidence interval for NHS & OSH

Final product: Asset Condition 
Scorecards at District Level



Data Collection – Paper Form



Data Collection – Fillable PDF



Data Collection: ArcGIS Utilization



Data Collection: ArcGIS Utilization



Data Collection: ArcGIS Utilization



Dashboard



Determine what you want to collect – asset features and LOS scale

Condition Assessment Process

Determine who will collect data

Generate samples

Set up data collection process

Conduct training

Summarize Results

QA/QC Results



Establish Assets, Units, & Grade Ranges

Condition Assessment Preparation



Condition 
Assessment Results:
Five Year Trend

Benefits
• Consistent scorecard format year 

after year allows for comparison of 
assets over time and across 
organizational units



Consultants

In-House
Ratings less consistent than 
consultants 

Due to staff availability, difficult to 
train everyone

PROS CONS

In-House vs. Outsourcing

Rating Consistency

Easier to QC data

Easier to track budget

Finite budget (time and $)

Train the trainer worked well

Less expensive

Educational for newer staff; learn to 
identify what needs to be fixed

More expensive than in-house staff

Major time commitment for ALDOT 
project manager (at least in Year 1)



Accurate asset inventory is necessary for this approach to work

Lessons Learned/Where to Begin

# of Samples – Able to decrease the number of samples but 
maintain same statistical significance with 90% confidence level 
on NHS and OSH routes while keeping 95% on INT.

Incorporate field training from the start

Begin by reviewing best practice state manual to determine:
• Which data/assets to collect?
• How to generate the number of samples?
• What would you like your grade ranges to be?
• Who will collect the data and how?



Questions?
Morgan Musick, PE
Alabama Department of Transportation
Assistant Maintenance Management 
Engineer 
musickm@dot.state.al.us

I



Connecting Maintenance to Life Cycle Planning

Trisha Stefanski, P.E.

Asset Management Program Office Director



What is Life Cycle Planning?

LCP is the process of developing and 
comparing strategies to “estimate 
the cost of managing an asset 
network over its whole life, with 
consideration for minimizing cost 
while preserving or improving 
conditions.”



MnDOT Life Cycle Planning
Objectives

• Establish a long-term focus for improving and preserving the system.
• Improve infrastructure asset resilience to climate change & extreme weather events.
• Determine the condiFons that can be achieved for different levels of funding.
• Reduce the annual cost of system preserva-on without impacFng asset condiFons.
• Provide objecFve data to support investment decisions.
• Demonstrate good stewardship to internal and external stakeholders.
• Determine investment funding needed to achieve the desired state of good repair.
• Develop maintenance strategies that consider long-term investment needs.



MnDOT Life Cycle Planning 
Process Improvements

2018 TAMP LCP was project-level perspective. 
• Two Treatment Strategies. 
• Ancillary Asset Did Not Include Network Condition.
• Maintenance Costs Were Estimated For Most Ancillary Assets.

2022 TAMP LCP network-level analysis of system performance 
• Additional LCP Strategies.
• Considers Current and Predicted Asset Network Condition. 
• Utilize Historical Cost Data

• Maintenance Management System (TAMS)
Ø Labor$, Equipment$, Materials$
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Ancillary Maintenance Management System
Integration Diagram 



Life Cycle Planning Details
By Asset Class

Asset
Class Tool Strategies Maintenance 

Costs Included?

Pavements Highway Pavement 
Management Application

Baseline, Low-Volume Roads, 
Concrete Pavement, No Preservation Yes

Bridges Bridge Replacement and Improvement 
Management Application

Preservation, 
Worst-First Yes

Buildings Archibus System and Analysis Facilities 20-year Strategic Plan Yes

Highway 
Culverts

Markov Deterioration Model in 
Advanced LCP Spreadsheet Desired and Current Yes

Deep 
Stormwater 

Tunnels
ITS Assets

Noise Walls*

Signs
Signals

Lighting
Pedestrian 
Facilities

*The analysis utilized actual deterioration curve data from inspections

Thank you! 
Applied 

Pavement 
Technology



Ancillary Assets 
Advanced LCP Spreadsheet Inputs

• Percent of Current Asset Network In Good/Fair/Poor Condition

• The Number of Assets Added Each Year

• Length of Time To Transition From One Condition State To Another

• Maintenance or Inspection Activity, Frequency, Cost, & Impact To Asset Condition

• Capital% Versus Maintenance% Funding



MnDOT Life Cycle Planning
Results

• 10 Year Projected Condition -
Each Strategy

• 10 Year Investment Need -
Each strategy

• Maintenance Bucket

• Capital Bucket

• Key Takeaways 



Pavement
Treatments and Costs

ü Treatment Decision 
Tree’s programmed 
into PMS

ü Cost Information 
Coming from Pay 
Items and TAMS 
MMS

Future Improvements Pavements
• New Pavement Management System Project Underway 

• TAMS MMS integraFon with AASHTOware Capital Project Costs (Pay Items)



Bridge 
Treatments and Costs

• Internal Staff Perform Preventive Maintenance Activities  
• Flushing – Annually To Reduce Corrosion
• Crack sealing – 5 Year Cycle
• Joint maintenance/Minor Repairs – Response to Inspection/Element Condition

• Inspection/Maintenance Activity Recorded in Bentley Structural Inspection & 
Maintenance System. 

• Internal Maintenance Cost By Activity Come From MnDOT Timesheet System.



Life Cycle Planning Process
Highway Culverts

% Treatment Distribution (How many culverts treated in each condition 
state) By Condition State



Life Cycle Planning Process
Intelligent Transportation System

Helped to Document and 
Communicate Consistent Routine & 
Preventive Maintenance Activities 
and Costs!!



Life Cycle Planning Results
Highway Culverts

• As The Network Age Increase; Desired Approach Obtains 10% Network Level CondiFon.
• Funding Investment Needs to Increase By 31% Under Desired Approach. 



Life Cycle Planning Results
Maintenance + LCP 

ITS Assets
• Routine and preventive maintenance actions have no impact on asset condition. 

Overhead Sign Structures 
• An increase in out-of-cycle inspections, helps identify and monitor issues before 

causing structures to deteriorate.  In addition, increase the frequency of nut 
tightening, rehabilitation, and replacement.

Signals and Lighting
• Utilizing age-based condition and performance targets, thus limiting preventive 

maintenance’s impact to extend asset service life.
• MnDOT staff believe that electrical and structural inspections could extend service life. 
• Investing in strategic preventive maintenance for High-Mast Lighting will maintain the 

assets in a good state of repair over their design life.



Summary

• Incorporating maintenance and capital activities = complete picture of life 
cycle planning for each asset. 

• Data speaks louder than words, generating culture and funding shifts. This 
data may be used for future maintenance distribution across MnDOT 
Districts. 

• Utilization of Maintenance Cost data for better decision-making reinforcing 
dedication and accuracy in enterprise asset management systems.

MnDOT’s 2022 TAMP is… 

More Informative, Compelling, and Useful.

http://www.dot.state.mn.us/assetmanagement/tamp.html 15



Thank You!

10/19/22 16

Trisha Stefanski
MnDOT Asset Management 

Program Office Director



Incorporating Maintenance 
for Main and Ancillary Assets in CDOT’s TAMP

October 2022



2022 TAMP Overview:

• 12 asset classes featured
• Total page count will be about 250.
• Built in a modular fashion.
• Very graphical executive summary

• Today’s focus:
• Asset Plans for smaller asset classets (culverts, walls, 

tunnels, etc.) 
• Incorporation of maintenance



Executive Summary

Executive Summary:

• Gives a quick graphical look at:
• What we do
• Asset performance vs. targets
• Asset-management process
• Top risks
• Future improvements
• Letter from the Executive Director



TAMP Development 

Status:

• Working with WSP.
• Status: Submitted main TAMP to FHWA.
• Finalizing ancillary asset plans.
• Will submit all 12 assets to FHWA next month.

Federal Minimum Requirements:

• Summary of NHS pavements & bridges
• Asset management objectives/metrics
• Performance gaps
• Life-cycle planning
• Risk-management analysis
• Financial plan, minimum 10 years
• Investment strategies

34



Plan Elements 1/3



Plan Elements 2/3



Plan Elements 3/3

STRATEGIC USE OF
ADDITIONAL REVENUE

Should CDOT receive additional revenue to fund 
the Walls asset class, the Department’s first priority 
is to eliminate any funding gaps related to 
achieving the PD-14 performance target. Once 
goals are achieved, the Department will reduce 
Poor backlog with a priority towards the most 
critical and/or vulnerable assets to improve system 
resilience. CDOT estimates the current “Poor” 
backlog for Walls could be eliminated with about 
$216 million.



Work Types Memo for Bridges

1. Bridge:
○ Preservation consists of activities that prolong the life of the structure by arresting deterioration or re-establishing 

element protection without changing the condition rating. Examples include painting, replacing joints, installing 
waterproof membranes, and cleaning.

○ Maintenance consists of repairs that prolong the life of the structure by arresting deterioration or re-establishing 
element protection without changing the condition rating. Examples include minor patching, crack arrest, and deck 
repair.

○ Rehabilitation consists of repairs expected to prolong the life of the structure and improve an element- or component-
condition rating. Examples include deck rehabs, substructure rehabs, superstructure rehabs, and split-timber girder 
rehabs.

○ Reconstruction consists of replacement of an existing structure.
○ Initial Construction consists of:

○ Construction of a bridge where no bridge has ever been built, such as new interchanges. 
○ Widening of the structure to accommodate the addition of any lanes (e.g., turn lanes, accel/decel lanes, 

additional general purpose or managed lanes, multi-use pathways)
○ Widening of the structure to accommodate construction phasing. 
○ Initial construction does not include shoulder widening or addition of a new shoulder to meet current design 

standards. 

Note: All work types include preconstruction costs. 



Bridge Investment Strategies

Chapter describes our investment 
strategies for pavement and bridges, 
shown through distribution among five 
work types:

1. Maintenance
2. Preservation
3. Rehabilitation
4. Reconstruction
5. Initial Construction (Estimating 

new construction remains a work 
in progress. Figures averages of 
the early years of the 10-Year 
Plan.



Maintenance Activities for Bridges

Bridge activities delivered by 
Maintenance Levels of Service 
(MLOS) Program.

Bridge Maintenance Program 
Area is about $5M per year. 



Work Types for Culverts

Culvert-treatment work types are defined as follows:

Preservation includes cleaning, brush clearing, and similar treatments that help the culvert function properly.

Maintenance includes scour repair and miscellaneous repairs. These treatments do not provide a change in culvert 
condition but do extend service life.

Rehabilitation includes slip lining, spray lining (i.e., lining a deteriorated pipe with a layer of protective material such as 
grout), and other repair treatments. These treatments restore culvert condition and extend service life. To receive a slip 
lining, a culvert cannot have begun collapsing. This treatment is considered a preservation or rehabilitation action, 
depending on the condition of the existing pipe.

Reconstruction consists of replacing the existing structure with a new structure. This results in a resetting of expectations 
regarding culvert condition and service life. Culverts with Essential Repair Findings are most commonly replaced. 
Replacement is typically accomplished by excavating through the overlying pavement and placing a new structure, although 
new pipe installation methods that do not require digging an open trench may also be used. The most cost-effective 
approach is selected as part of the design process. Hydraulic analysis is required as part of the design process to make sure
the final culvert is properly sized.



Culvert Investment Strategies

• About $2.3 million spent on culverts 
maintenance annually through 
Maintenance Levels of Service 
(MLOS) program. Activities that do 
not require engineering, including 
routine maintenance, preservation 
treatments, and repairs.

• Culverts asset program spends $8.2 
million annually. Funds routine 
inspection ($1M annually), repair, 
rehabilitation, reconstruction, and 
replacement of culverts that’s not 
covered under the MLOS program.

Culverts Maintenance Program Area 
(MPA) is No. 202.



Maintenane (MLOS) Section of TAMP



Questions?

44

Thank You! 
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Q&A and Discussion

Submit your questions using the Webinar’s chat feature 



All webinars available online: 
https://www.tam-portal.com/event-directory/tam-webinars/

Next Webinar

Wednesday, December 21, 2022– 2:00 PM EST
TAM and Resiliency Building

More to follow!

https://www.tam-portal.com


