
TRB Webinar: Remaining 
In-Service Life of Culverts 
and Other Geotechnical 
Assets
April 24, 2023

1:00 – 2:30 PM



PDH Certification Information

2

1.5 Professional Development Hours (PDH) – see follow-up email 

You must attend the entire webinar.

Questions? Contact TRBwebinar@nas.edu

The Transportation Research Board has met the standards and requirements of the 
Registered Continuing Education Program. Credit earned on completion of this program 
will be reported to RCEP at RCEP.net. A certificate of completion will be issued to each 
participant. As such, it does not include content that may be deemed or construed to be an 
approval or endorsement by the RCEP.

mailto:TRBwebinar@nas.edu
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Learning Objectives
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This webinar will focus on qualitative models to assess conditional and performance of in-
service assets and forecast remaining service life for geotechnical management 
applications. Presenters will share current practices and gaps for assessing the condition of 
culverts and other geotechnical assets. 

At the end of this webinar, you will be able to:

• Identify the current practices and gaps in assessing conditions of culverts and other
geotechnical assets

• Evaluate the methods to develop performance models for culverts based on different
condition assessment data

• Implement performance forecasting to estimate remaining service life of in-service
geotechnical assets



Questions and Answers

• Please type your questions into your webinar
control panel

• We will read your questions out loud, and
answer as many as time allows
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Ahmad Alhasan
April 2023

Estimating remaining 
life of in-service 
geotechnical assets: A 
case study on culverts 
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Agenda

• Geotechnical Asset Management
• Condition Assessment and Performance Modeling Concepts
• Case Study
• Model Fitting and Forecasting
• Beyond this Webinar
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Geotechnical Asset Management

• GAM includes several components 
and the agency’s focus can vary.

• Generally, a GAM program includes 
multiple steps and requires an 
iterative and cyclic to improve and 
refine the program throughout its 
implementation.

Define and 
Locate Assets

Assess Assets 
Condition

Assess and 
Model 

Performance 

Conduct 
Investment 

Analysis

Communicate 
Results 

Incorporate 
Process 

Improvement 

Implementation steps, modified from NCHRP 
Project 24-46 
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Design Life and Service Life 

• Design life can be defined as the 
period on which the statistical 
derivation of transient loads is based.

• Service life is the forecasted time the 
asset will provide desired function and 
remains in service. 

• Service life is typically modeled based 
on real world observations.
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Role of Performance Models 

• Performance models can be used to
estimate remaining service life.

• Performance models are the
quantitative tool to forecast the future
and manage the assets.

• Performance models are used to
estimate the benefits and control the
risks.
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Performance Modeling Process

• Understanding deterioration 
mechanisms is important to select 
the representative model.

• It is critical use the proper statistical 
assumptions and the forecasting with 
interpretation techniques

Identify Limit States 

Define Deterioration Mechanisms 

Define Elements and Components

Develop Condition Rating System  

Develop Data Collection Process  

Develop Performance Models
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Types of Deterioration and Performance Models 

Physical 
Model 

Mechanistic

Empirical

Mechanistic-
Empirical 

Process

Continuous

Discrete

Inference

Deterministic

Probabilistic
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Case Study: Ohio Culverts
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Condition Data

Common data issues:
• Sudden data drop due to 

performance rating variability 
• Significant condition 

improvement without 
recorded reconstruction or 
preservation interventions 

• Missing performance rating 
data within evaluation period
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Condition Data as a Markov Chain Processes 
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Expected Future Condition 
Expected Value of the Condition Distribution after n years is:

𝐸𝐸 𝐶𝐶|𝑇𝑇 = 𝑛𝑛,𝑃𝑃 = 𝑀𝑀𝑟𝑟𝑅𝑅

𝑅𝑅 =
9
8
⋮

𝑀𝑀𝑟𝑟 = 𝐶𝐶0𝑃𝑃𝑛𝑛

States 9 8 7 6 5 4 3 2 1 0
9 0.28365 0.60806 0.06557 0.01994 0.01863 0.00307 0.00097 9.7E-05 1.8E-05 1.3E-06
8 0.06639 0.92769 0.00471 0.00063 0.00053 4.4E-05 1.2E-05 5.8E-07 8.6E-08 1.9E-09
7 0 0 0.33531 0.26446 0.27891 0.08378 0.03086 0.00534 0.00117 0.00019
6 0 0 0 0.48884 0.2596 0.18069 0.05227 0.01496 0.0029 0.00074
5 0 0 0 0 0.51384 0.2649 0.16056 0.04366 0.01339 0.00365

Transition Probability Matrix 

𝑬𝑬 𝑪𝑪|𝑻𝑻 = 𝟓𝟓,𝑷𝑷 = 𝟖𝟖.𝟏𝟏
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Estimating Transition Probabilities
Minimize the absolute difference between the average condition at age t
and the expected value from Markov chain by changing the probabilities:
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Ignoring Variability Reduces Accuracy 



Survival Models
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State A State B

P (T≤ 8) ≈ 0.2  P (T≤ 18) ≈ 0.5 P (T≤ 26) ≈ 1.0 
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Forecasting and Interpretation  
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Summary
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Define and 
Locate Assets

Assess Assets 
Condition

Assess and 
Model 

Performance 

Conduct 
Investment 

Analysis

Communicate 
Results 

Incorporate 
Process 

Improvement 

Identify Limit States 

Define Deterioration Mechanisms 

Define Elements and Components

Develop Condition Rating System  

Develop Data Collection Process  

Develop Performance Models



Beyond this Webinar?

1. Develop procedures to infer performance of individual assets.
2. Use of physics (or engineering) based AI to develop better modeling and

optimization techniques.
3. Incorporate uncertain extreme events in performance modeling and planning.
4. Quantify the resiliency of assets’ performance.
5. Geotechnical assets are heterogeneous, can we develop a more

homogeneous condition and performance scheme to incorporate multiple
assets?
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Corridor Health
A Case Study

TRB Webinar
Remaining In-Service Life of Culverts and Other Geotechnical Assets 

April 24, 2023Ben George, P.E., C.E.G. Trevor Strait, P.E., PTOE



Project Location and Approach
• Chiniak Highway, MP 15 – 31

• Two lane roadway constructed in 50s, paved circa 90s

• STIP (3R) Rehabilitation Project
• Mitigate Safety Concerns

• Reduce Crashes
• Improve Sight distance

• Improve Roadway
• Subgrade and surface
• Vertical/horizontal curves 
• Guardrails
• Drainage/culverts

• Limited $ for $$$$ work

MP 15

MP 31



Where is poor performance occurring?

What is contributing to performance?

Scope the Project



Inventory and Rate Assets

Pavements

Bridges

M&O

Culverts

Rock Slopes

Soil Slopes

Variable Data, Many Sources, Non-Standardized



Critical Assets

• Identify which assets drive Scope
• Pavement
• Bridges
• Culverts
• Roadway Geometry
• Geotechnical (slopes, retaining walls)

• Develop method to evaluate each 
asset within a Good/Fair/Poor, 0-
100 scoring framework

• Ratings considered:
• Safety
• Reliability
• General Fund Costs
• Other impacts and considerations



Asset – Culverts

• Existing method of analysis
• Non-Standardized
• Based on Inspections

 Culvert Material
 Culvert Shape
 Culvert Rise
 Culvert Span
 Culvert Length
 Pipe Physical Condition
 Pipe Structural Condition
 Flow Condition
 Embedment Depth
 Baffles Present
 Height of Cover
 Roadway Deflection
 Inlet Type
 Inlet Structural Condition
 Inlet Embankment Condition
 Inlet Channel Condition
 Outlet Type
 Outlet Structural Condition
 Outlet Embankment Condition
 Outlet Channel Condition
 ADF&G Fish Passage Rating



Asset – Culverts

• Rating Method
1. Fail Condition Screening
2. Calculate worst of Physical Condition, 

Structural Condition, and Flow 
Condition

3. Calculate worst of Inlet/Outlet 
Embankment Condition

4. Average these values
5. Adjust for Fish Passage Rating

Attribute Description Rating 
Value

Pipe Physical Condition

Like new, no defects 100
Cracked, spalled, light rust 75

Broken, rust pitted, weathered joints 50

Deteriorated, rotted, bottom out 25
Unknown -

Pipe Structural Condition

Good, no sags or deflection 100
Fair, minor sags with no ponding, minor 

deflection that would inhibit the installation of 
a liner pipe

50

Poor, major sag with ponding, major deflection 
that would inhibit the installation of a liner 

pipe
25

Pipe collapsed 0
Unknown -

Flow Condition

Open 100
< 1/2 clogged 50

1/2 or more clogged 25
Unknown -

Inlet Embankment 
Condition

Good, no slope failure 100
Fair, eroded slopes are localized and easily 

repairable 50

Poor, eroded slopes have potential to impact 
roadway 25

Unknown -

Outlet Embankment 
Condition

Good, no slope failure 100
Fair, eroded slopes are localized and easily 

repairable 50

Poor, eroded slopes have potential to impact 
roadway 25

Unknown -

Fish Passage Rating

Green 100
Gray 50
Red 25

Black -



Asset – Culverts

• Rating Method compared to Inspection Photos

Good Rating Fair Rating



Asset – Geotechnical Elements

• Existing method of analysis
• Significant existing 

methodology for assessing 
geotechnical conditions

• Geotechnical Asset Management 
(GAM) elements

• Existing Alaska inventory
• Documents retaining walls, rock 

slopes, and soil slopes that are 
impacting the roadway

• Location and Condition of 
Material Sources



Asset – GAM Elements



Asset – GAM Elements

• Supplemental Rating – Threatening Slopes



Asset – GAM Elements

• Supplemental Rating – Threatening Slopes

Threatening Slopes Rating Categories

Potential Roadway Impacts

Potential Traffic Impacts

Potential Level of Maintenance Effort Required

Potential Length of Roadway Affected

Slope Condition

Distance from EOP to Feature



Compile Data

• 8 bridges
• Including 8 river banks and 8 supplemental bridge ratings

• 16 miles of pavement
• 17 rock slopes & 5 soil slopes

• Including 12 threatening slopes

• 5 retaining walls
• 107 culverts
• 150 horizontal curves & 400 vertical curves



Compile Data

• Combining dissimilar asset types
• Asset Rating Systems give a 0-100 value for each asset
• Weighting system

• Needs to be adjustable based on project requirements

Asset Type Asset Weight

Bridges 3

Culverts 1

Pavement 2

GAM Elements 2

Roadway Geometry 2



Compile Data

WHAT DOES IT MEAN???
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Corridor Level (For Segmenting)

Mile Post 15 3127.724.5

ABOVE ACCEPTABLE PERFORMANCE

BELOW ACCEPTABLE PERFORMANCE

MINIMUM 
ACCEPTABLE

CONDITION

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆= ∑ 𝑆𝑆𝑆𝑆 −𝑀𝑀𝑀𝑀𝑀𝑀 ×𝑊𝑊𝑊𝑊
Si = Average Asset Condition Score per Milepoint Bin
MAC = Minimum Acceptable Condition (per asset)
Wi = Asset Weighting

Binned by 0.5 mile
Potential Project Segment



27.7

ABOVE ACCEPTABLE PERFORMANCE

BELOW ACCEPTABLE PERFORMANCE

MINIMUM 
ACCEPTABLE

CONDITION

Segment Level (For Projects)

Binned by 0.1 mile

Mile Post 24.5 25.7
24.6

27.525.9
Potential Project AreaPotential Project Area
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Selected Project Areas with Estimated Costs

MP 25.7-26.2: Slope 
Stabilization & 
Pavement Repairs

MP 24.5-25.4: Embankment 
Improvements, Culvert 

Replacement & Pavement RepairsWHAT DOES IT MEAN???
31Mile Post
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100

$$$ $$



Corridor Segmentation

• Total Corridor Needed Cost = $58 M
• Project 1 Cost (Seg 2*, 5) = $18 M

• Soldier Pile Spot Repair, Rehab, Resurfacing

• Project 2 Cost (Seg 2.4, 3, 6) = $17 M
• Rehab and Resurfacing

• Project 3 Cost (Seg 2.1, 2.2) = $13 M
• Rehab and Resurfacing

• Construction Total = $48 M
• Remaining Project Costs = $10 M



Next Steps

• Chiniak Highway
• Developed a Pre-Environmental Review package for the entire corridor
• Develop designs and construction documents for the identified projects

• Corridor Health Index
• Implement the process on additional corridors
• Adjust process as more is learned
• Increase usability of data analysis
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ODOT CULVERT DURABILITY AND 
SERVICE LIFE METHODOLOGY
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BASICS OF CULVERT DURABILITY

o Durability Concepts
o ODOT Durability Design Methodology

o Durability Research
o ODOT Durability Spreadsheet

o Future of Service Life Estimation



DURABILITY CONCEPTS

o Culvert Durability
o Resistance to environmental degradation

o Corrosion
o Abrasion
o Thermoplastic degradation?
o Other factors not considered herein

o Joints
o Structural
o Freeze-thaw
o Installation



DURABILITY CONCEPTS

o Combined Abrasion 
and Corrosion
o Corrosive layer formed and 

then abraded away
o Resultant section loss can 

be many times greater than 
addition of each individual 
processes



DURABILITY CONCEPTS

o Abrasion
o Progressive section loss

o Almost always evidenced in culvert invert
o High stream velocities
o High bedload

o CalTrans has extensive information on abrasion
o Used as a resource for ODOT Design and Inspection



DURABILITY CONCEPTS

o ODOT Abrasion



DURABILITY CONCEPTS



DURABILITY CONCEPTS

o Corrosion
o Acids

o Less than 5.5 is strongly acidic
o Greater than 8.5 strongly alkaline



METAL CULVERTS

o Steel
o Protective Coatings

o Galvanizing
o Aluminizing
o Bituminous coating
o Polymer coating
o Invert paving

o Aluminum



METAL CULVERTS

o Steel
o pH between 5.5 – 8.5 
o Not recommended for highly abrasive sites unless 

protective coating provided

o Aluminum
o pH between 5.5 – 8.5 
o Not recommended for highly abrasive sites



CONCRETE CULVERTS

o pH < 5
o Use special concrete mix with high alkalinity
o Add sacrificial concrete cover
o Coatings

o Generally abrasion resistant
o Sulfates > 0.5%

o Use special cements (Type V cement)



PLASTIC CULVERTS

o Generally inert to corrosion
o Resistance to very high abrasion is not well

documented
o Oxidation

o Currently handled through material standards

o Slow-crack growth
o Currently handled through material standards

o UV Degradation



ODOT METHODOLOGY

o Conduit Inspection Program
o Durability Study
o Durability Design Methodology

o Service Life Prediction
o Durability Spreadsheet



CONDUIT MANAGEMENT



CONDUIT MANAGEMENT



DURABILITY STUDY



DURABILITY SPREADSHEET



DURABILITY SPREADSHEET



FUTURE OF SERVICE LIFE ESTIMATION 
o Goal for the future is to develop degradation models in order to

estimate remaining service life
o “Evaluation of Degradation of Concrete Box Culverts and 3-Sided Culverts”

completed 2021 for bridge sized culverts 10’ and greater in Ohio

o Continued Collection of Inspection Data
o Enough current data for conduits 48” and greater?

o More frequent inspection cycle
o Currently evaluating

o 50 years from now?



FUTURE OF SERVICE LIFE ESTIMATION 
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QUESTIONS

Kyle Brandon, P.E.
Assistant Administrator - Roadway and Bridge Hydraulics
ODOT Office of Hydraulic Engineering
1980 W. Broad St., Mail Stop 5220, Columbus, Ohio 43223
Kyle.brandon@dot.ohio.gov
(614) 466-5199
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Upcoming events for you
May 3

TRB Webinar: Deploying AI 
Applications for Asset Management 

May 17

TRB Webinar: Risk-targeted Ground 
Motions for Bridge Design 

July 8-11

TRB's National Conference on 
Transportation Asset Management 

https://www.nationalacademies.org/trb/
events

https://www.nationalacademies.org/trb/events
https://www.nationalacademies.org/trb/events


Subscribe to TRB Weekly

Each Tuesday, we announce the latest:

• RFPs

• TRB's many industry-focused webinars
and events

• 3-5 new TRB reports each week

• Top research across the industry

If your agency, university, or 
organization perform transportation 
research, you and your colleagues need 
the TRB Weekly newsletter in your 
inboxes!

Spread the word and subscribe!
https://www.trb.org/Publications/
PubsTRBENewsletter.aspx

https://www.trb.org/Publications/PubsTRBENewsletter.aspx
https://www.trb.org/Publications/PubsTRBENewsletter.aspx


Discover new 
TRB Webinars weekly

Set your preferred topics to get the latest 
listed webinars and those coming up soon 
every Wednesday, curated especially for 
you!

https://mailchi.mp/nas.edu/trbwebinars

And follow #TRBwebinar on social media

https://mailchi.mp/nas.edu/trbwebinars


Get involved 

• Become a Friend of a Standing Technical 
Committee 

Network and pursue a path to Standing Committee 
membership

• Work with a CRP 

• Listen to our podcast

https://www.nationalacademies.org/podcasts/trb

https://www.nationalacademies.org/trb/get-involved

https://www.nationalacademies.org/podcasts/trb
https://www.nationalacademies.org/trb/get-involved


We want to hear from you

• Take our survey

• Tell us how you use TRB Webinars in your work at 
trbwebinar@nas.edu
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