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

• Describe the current state DOT practice on collecting element-level data

• Evaluate the status of use of bridge element data for decision-making

• Identify performance measures or business processes based on element data for 
implementation
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Purpose Statement
State departments of transportation (DOTs) have been transitioning to the use of element 
inspection data to document bridge conditions. This webinar will summarize the findings of a 
synthesis study and provide case studies from current state DOT practices. Presenters will 
share processes to ensure the quality of bridge element inspections, data accuracy, define and 
use of performance measures, and the business processes that use bridge element data.



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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Introduction

• The objective of this synthesis was to 
document current state DOT practices and 
experience regarding collecting and ensuring 
the accuracy of element-level data. The 
synthesis also examined how DOTs are using 
the data from inspection reports.

• The information was obtained from three 
sources:

• Literature Review
• Survey
• Case Examples

• Florida, Kentucky, Michigan, Minnesota, Rhode 
Island, and Wisconsin



Literature Review
• History of Bridge Element Data
• Bridge Element Data Quality

• Performance Measures Based on Element Data
• Models Based on Element Data



Survey questions were organized into 
the following categories:
• State of the Practice in Bridge 

Element Data Collection
• Quality Control and Quality Assurance 

for Bridge Element Data
• Performance Measures and Models
• Use of Bridge Element Data in Asset 

Management

State of the 
Practice

100% response rate
50 state DOTs and the District of Columbia DOT participated in the survey.



State of the Practice in Bridge Element Data Collection



Number of State DOTs that Collect Data for Each Element Type

51 (100%)

45 (88%)

34 (67%)

NATIONAL BRIDGE ELEMENTS 
(NBES)

BRIDGE MANAGEMENT 
ELEMENTS (BMES)

AGENCY-DEVELOPED ELEMENTS 
(ADES)



Defects? Environments? Use of NDE?



Use Frequency of NDE Techniques, by Percentage of All State DOTs

1 (2%)

7 (14%)

11 (22%)

18 (35%)

16 (31%)

5 (10%)

14 (27%)

5 (10%)

26 (51%) 

25 (49%)

18 (35%)

15 (29%)

13 (26%)

4 (8%)

21 (41%)

11 (22%) 

8 (16%)

6 (12%)

14 (27%)

23 (45%) 

4 (8%)

21 (41%)

0

1 (2%)

3 (6%)

0

7 (14%)

3 (6%)
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Chain drag

Ground penetrating radar

Infrared thermography

Impact echo

Electromagnetic

Ultrasonic

Other

Often Sometimes Rarely Never



Quality Control and Quality Assurance for 
Bridge Element Data



Agency Confidence in the Quality of Bridge Element Data

20 (39%)

28 (55%)

3 (6%)

0
0

5

10

15

20

25

30

High confidence Moderate confidence Low confidence No confidence

Most state DOTs also noted that they have QC and 
QA processes in place that improve the quality of 
bridge element inspections (47 of 51). 



Performance Measures and Models



Use of Performance Measures and Decision Trees 
Based on Bridge Element Data

Yes 
23 (45%)No 

28 (55%)

Use of performance measures based on element data

Yes 
20 (39%)No 

31 (61%)

Project decision rules or decision trees based on bridge 
element data



Element Cost Models

18 (35%)

6 (12%) 6 (12%)

26 (51%)

0

5
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25

30

We do not have element cost
models.

We use default cost models that
were available in the BMS.

We developed element cost models
that we are confident in.

We developed element cost
models, but they need further

improvement.



Element Deterioration Models

15 (29%)

5 (10%)

8 (16%)

26 (51%)

0

5

10

15

20

25

30

We do not have element
deterioration models.

We use default deterioration models
that were available in the BMS.

We developed element
deterioration models that we are

confident in.

We developed element
deterioration models, but they need

further improvement.



Element Condition Data and NBI GCR Comparison

26 (51%)

6 (12%) 6 (12%)

13 (25%)

0

5

10

15

20

25

30

We do not compare them. We use a default conversion profile
available in the BMS.

We developed a conversion
profile/model that we are

confident in.

We developed a conversion
profile/model, but it needs further

improvement.



Use of Bridge Element Data in Asset Management



State DOT Use of Element Data in Asset 
Decision-Making

7 (14%)

4 (8%)

27 (53%)

34 (67%)

33 (65%)

34 (67%)

28 (55%)

0 5 10 15 20 25 30 35 40

Other

We do not use bridge element data to support asset management
decisions.

Network-level decision making/analysis (e.g. project prioritization
and strategy assessment with a BMS that uses element models).

Bridge-level decision making/analysis (e.g. Work type or scope for
individual structures).

Selection of bridge rehabilitation/replacement projects.

Selection of bridge preservation projects.

Selection of bridge maintenance projects.



Confidence in Decisions Based on Element Data or Models

2 (4%)

21 (41%)

15 (29%)

0

13 (25%)

0
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25

High confidence Moderate confidence Low confidence No confidence We do not use element
data or models



Confidence in Decisions Based on Component Data or Models

9 (18%)

34 (67%)

4 (8%)

0

4 (8%)

0
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40

High confidence Moderate confidence Low confidence No confidence We do not use
component data or

models



Major Findings about Agency Practice

All DOTs are collecting NBE and BME 
data aligned with federal guidelines 
while 67% of the state DOTs are also 

gathering data for ADEs. Agencies are 
also collecting data on element defects 

(76%), but data gathering on 
environments is less common (43%). 

State DOT NDE methods often include 
chain drags for bridge deck inspections 
and sometimes involve electromagnetic 

or ultrasonic testing (or both) for 
element inspections. NDE tools such as 

impact-echo tests, IRT, GPR, dye-
penetrant testing, and D-Meters are also 

employed, but less frequently.



Major 
Findings 

about Agency 
Practice

Compared to NBI GCRs, bridge element data are more 
quantitative and detailed. However, state DOTs report 
more confidence in the results based on component data. 

Less than half of the state DOTs have established project 
decision rules, decision trees, or performance measures 
based on bridge element data.

One-fourth of the state DOTs express confidence in their 
element cost and deterioration models. 

26 state DOTs do not compare element condition data and 
NBI GCRs. 



Major Findings about Agency Practice

One-fourth of the state 
DOTs do not integrate 

element data or models 
into asset management 

decisions. 

Confidence in models and 
decision-making based on 

component data is 
relatively high compared 
to the same measure of 

decisions based on 
element data or models. 

State DOTs do have plans 
to improve element 

performance measures 
and models. The relatively 
more robust confidence in 

decisions based on 
component data and 

models may stem from 
the lengthier history of 
state DOTs applying and 
developing models for 

component data. 



Major Findings about Agency Practice

The most common uses of element data in asset decision-making involve the selection of bridge 
preservation projects, bridge-level decision-making (e.g., choice of work type or scoping for 
individual structures), and selection of bridge rehabilitation or replacement projects. 

State DOTs also commonly apply element data in choosing bridge maintenance projects and making 
network-level decisions. 

Aside from four state DOTs, all of the rest report some form of use for bridge element data.



Beam Ends

Craig Nazareth
Bridge Safety Inspection & Ratings Database Information 
Manager

Craig.Nazareth@dot.ri.gov



Rhode Island Department of Transportation Bridge engineering wanted a way to track the condition of the end of 
the steel beam separate from the rest of the beam. It had been noted that the ends of the beams were where most 
of the significant deterioration occurred.

Steel Beam Ends
Element 8107



Good Bridge Element data 
It just needed more Definition 



Than during the next round of inspection we change over to the new Elements



The Report
This is run Automatically on a monthly basis and sent directly to the 

Load Rating Department  



The Load Rating Department 
decides if a new load rating needs to be done and, from that, possibly selected steel repairs 

or Posting

Report

Load Rating

Repair/Posting Not 
needed



Steel Repair



BrM Seup



Questions?



Minnesota’s Bridge 
Inspection Element Level 
Collection & Use

David Hedeen, P.E.
Asset Management Engineer
Minnesota DOT | Bridge Office

3/28/2023 mndot.gov 1



Minnesota’s History

• CoRe collection since 1994

• All ~22k structures

• 219 inspection agencies

• 2015 in-house migrator to National 
Bridge Elements

3/28/2023 mndot.gov 2



Minnesota’s Approach

• 28 Agency Defined Elements

• Do not collect defects

• Carried over smart-flag, “defect element”

• Heavy use of narratives

3/28/2023 mndot.gov 3



Minnesota Effort’s to Ensure Data Quality

• Registered Engineer must review/approve all 
reports

• In-house delivered annual training program

• Rigorous QA/compliance efforts

• Use element data to identify when load posting 
signs missing/incorrect

3/28/2023 mndot.gov 4



Minnesota Inspection Manual

• Custom Inspection Field Manual

• Adopts AASHTO requirements

• Adds details where necessary

• Removes irrelevant items

• Packed with photos to illustrate descriptions

• 205 pages, printed/bound copy distributed 
regularly

3/28/2023 mndot.gov 5



PIERCAP NEEDS PRIORITIZATION 
priority priority description 

1 pier cap has >=10% (CS3 or CS4) 
2 pier cap has >=5% and <10% (CS3 or CS4) 
3 pier cap has >=0% and <5% (CS3 or CS4) 
4 pier cap has 0% CS3 or CS4  

 

JOINT NEEDS PRIORITIZATION 
priority priority description 

1 leaking joint, bridge has joints over piers 
2 leaking joint, over 50% of total quantity 
3 leaking joint, less than 50% of total quantity 
4 no leaking joints 

 

Minnesota’s Current Use of Element Level Data

• Maintenance needs

• Joints 

• Location 

• Severity 

• Pier caps

• Early flag for scoping needs assessment

• In-depth inspection

• In-house maintenance

• Infill Wall needs

3/28/2023 mndot.gov 6



Protective Species ADE 900

• Unique approach to help with identifying 
structures with protective species

• Actively train inspectors to look for signs of 
protected bird species, and flag it with this 
element

• Also assists with tracking endangered bats who 
may be using a bridge as a roosting site

3/28/2023 mndot.gov 7



Minnesota’s Agency Defined Element 810 

• ADE used for Cracking & 
Sealing of Decks

• Tracks the quantity and 
severity of deck cracking

• Used for maintenance 
prioritization

• Experimenting with 
drone & AI collection

3/28/2023 mndot.gov 8



Minnesota’s Bridge Planning Index

• Risk score that considers

• Inventory/Inspection Data

• Including element level

• Condensed to 0-100 scale

• Used as an input to help 
prioritize project selection

3/28/2023 mndot.gov 9

SUPERSTRUCTURE CONDITION  

NBI Condition 0 1 2

N Not applicable 100 100 100

9 Excellent 100 90 80

8 Very good 95 85 80

7 Good 90 80 75

6 Satisfactory 75 60 55

5 Fair 55 40 35

4 Poor 35 25 15

3 Serious 15 10 5

2 Critical 5 5 0

1 Imminent fail 0 0 0
0 Failed 0 0 0

  

 
       

     
    

     
    

 
     

    

     
    

      
    

 
          

Defect Element Reduction

  

 

 

 

 

Superstructure Reduction Factor:

Case 2:
If any steel superstructure element is in CS4

[102,107,113,120,141,152,162]
OR Pin&Hanger, Steel Hinge, Concrete Hinge,

Steel Main/Secondary Cable in CS4

[161,850,851,147,148]

OR Steel Section Loss, Steel Cracking,
Concrete Shear Cracking in CS4
[881,882,883]

Case 1:
If Pin&Hanger, Steel Hinge, Concrete Hinge,

Steel Main/Secondary Cable in CS3
[161,850,851,147,148]

OR Steel Section Loss, Steel Cracking,
Concrete Shear Cracking in CS3
[881,882,883]

OR Design Type = Post Tensioned 
and Year Built < 2000

Case 0:
None of the criteria for Case 1 or 2 are matched

  



Element Level Deterioration

• Deterioration models from 
MWBPP Pooled Fund Study

• Small population of data 
overcame by pooling 
resources

• Yielded insights on how 
element level data 
deteriorates

• Minnesota is in 
implementation phase with 
this research

3/28/2023 mndot.gov 10
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Element Level Performance Targets

• Minnesota has issue with using Component 
Condition Data for performance targets

• Oversimplification of structure health

• Doesn’t account for smaller preservation efforts

• Launched a research effort aimed to:

• Establish data driven targets based on granular 
element level data

• Emphasize elements with high benefit/cost ratio

• Stretch scoring range 

• https://www.dot.state.mn.us/research/RFP/NS/NS637
.pdf

3/28/2023 mndot.gov 11
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Minnesota’s Bridge 
Inspection Element Level 
Collection & Use

David Hedeen, P.E.
Asset Management Engineer
Minnesota DOT | Bridge Office
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Philip Meinel, PE
WisDOT Bureau of Structures

Development Section

TRB Webinar: Bridge Element Data Use in the U.S.

March 29, 2023

Case Study: Wisconsin 



Case Study Emphasis

Learning Objectives
At the end of this webinar, participants will be able to:

1. Describe the current practice on collecting element-level data

2. Evaluate use of bridge element data for decision-making

3. Identify performance measures or business processes based 
on element data for implementation

WI  Case Study 2



Collecting Data
• NCHRP Synthesis 585, page 45
 List of some WI elements and defects

--Wearing Surface  
Defects

-- Deck Defect

WI  Case Study 3



Collecting Data
• WI Inspection Field Manual, page 97

WI  Case Study 4



Why Wearing Surface ADEs?
What would you program?

• There’s only enough $ for one deck replacement…
 Bridge A – Original RC Deck has 10% in CS2.

 Bridge B – Original RC Deck has 10% in CS2.

?
WI  Case Study 5



Why Wearing Surface ADEs?
What would you program?

• There’s only enough $ for one deck replacement…
 Bridge A – Original RC Deck has 10% in CS2.

• Delamination from sounding top of deck

 Bridge B – Original RC Deck has 10% in CS2.
• Visual delamination of underside of deck

WI  Case Study 6



Why Defects?
What would you program?

• There’s only enough $ for one concrete overlay…
 Bridge A – Original RC Deck has 10% of wearing surface in CS2.

 Bridge B – Original RC Deck has 10% of wearing surface in CS2.

?
WI  Case Study 7



Why Defects?
What would you program?

• There’s only enough $ for one concrete overlay…
 Bridge A – Original RC Deck has 10% of wearing surface in CS2.

• Defect is 3210 Delamination/spall/patching

 Bridge B – Original RC Deck has 10% of wearing surface in CS2.
• Defect is 8911 Abrasion/Wear/Rutting

WI  Case Study 8



Element Deterioration 2018

WI  Case Study 9



Element Deterioration 2018

WI  Case Study 10



Element Deterioration 2018

WI  Case Study 11



Element Deterioration 2018

WI  Case Study 12



WI  Case Study

Element Deterioration 2022
• TPF-5 (432) Bridge Element Deterioration for Midwest States
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Element Deterioration 2022



BMS Optimizer

WI  Case Study 15



BMS Optimizer

• Example Action: Re-apply Thin Polymer Overlay (TPO)
• Example rule:

 In English:
• No previous thick overlays
• Not an excessive number of previous TPOs
• Deck NBI > 5
• Deck still in very good condition with very little delamination
• More than 15% of the existing TPO has spalled off

WI  Case Study 16



BMS Optimizer

WI  Case Study 17

Typical TPO Re-application
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Thank you!

Questions?

18WI  Case Study

Philip Meinel, PE
Structures Asset Management Engineer

philip.meinel@dot.wi.gov
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Upcoming events for you
April 5, 2023

TRB Webinar: Bridge Management 
Systems for Strategic Asset 
Management

April 12, 2023

TRB Webinar: Using Ultra-High 
Performance Concrete for Bridges

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://bit.ly/ResubscribeTRBWeekly

https://bit.ly/ResubscribeTRBWeekly


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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