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FHWA Update

The contents of this presentation do not have the force and effect of law and are not meant 
to bind the public in any way. This presentation is intended only to provide information 
regarding existing requirements under the law or agency policies.
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� Update on Specifications for the National Bridge 
Inventory (SNBI) implementation

� FHWA Project Summary – Conversion Profiles for 
Element and Component Condition

Outline
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� Data that is reported for 
qualifying bridges (23 CFR 
650.303)

� Published on May 6, 2022
� Replaces the FHWA 

Recording and Coding 
Guide

� Last major update in 1995
� https://www.fhwa.dot.gov/

bridge/snbi.cfm

SNBI Implementation Update
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SNBI Implementation Schedule

� Reference May 25, 2022, 
Memo Implementation of the 
Specifications for the National 
Bridge Inventory

� Outlines transition from Coding 
Guide to SNBI including the 
start date for reporting data 
and availability of supporting 
FHWA systems and resources

� https://www.fhwa.dot.gov/brid
ge/pubs/Memo-
Implementation_Specifications
_National_Bridge_Inventory_FI
NAL.pdf
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SNBI Implementation Schedule

Timeline (from Memo Implementation of the Specifications for the National Bridge Inventory)
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SNBI Implementation Schedule

Timeline (cont.)
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SNBI Implementation Resources

• Now available at https://www.fhwa.dot.gov/bridge/nbi.cfm
• FHWA Data Transition Logic (crosswalk)

• Mapping between items and codes of the Coding Guide and SNBI 
• Data transition tool
• Data submittal schema 
• Data submittal validation logic (part A)
• Questions and answers

• Training now available (contact your FHWA Division 
Office)
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SNBI Implementation Resources

• In Development
• New NBI System
• Data submittal validation logic (part B)
• Online data submittal checker
• SNBI errata
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• Planned Errata
• Technical corrections and clarifications 
• Responsive to email questions that identified discrepancies or 

sought clarification
• Latitude and longitude alignment with HPMS
• Handling of state-defined legal load rating vehicles
• Routine Permit Loads item coding

SNBI Implementation Update
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• Planned Errata
• Latitude and longitude alignment with HPMS

SNBI Implementation Update
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Planned errata:
Report the latitude at the 
location of the bridge following 
agency procedures.



• Planned Errata
• Handling of state-defined legal load rating vehicles

SNBI Implementation Update
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many-to-one dataset



• Planned Errata
• Handling of state-defined legal load rating vehicles

SNBI Implementation Update
12

Planned errata: 
Add
Code   Description
A##    State-defined legal load

Replace the ## characters in 
the A## code with sequential 
numbers, with leading zeros, 
starting with A01, and assigned 
to each State-defined legal load 
configuration.  Use consistent 
designations for all bridges in a 
State.



• Planned Errata
• Routine Permit Loads item coding

SNBI Implementation Update
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• Email question box

NBIS_SNBI_Questions@dot.gov

SNBI Implementation Update
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Purpose:  
� Develop new and refined profiles for converting element 

condition states to component condition ratings

FHWA Conversion Profiles Project
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FHWA First Generation Universal Profile 
for Manual for Bridge Element Inspection Data



FHWA Conversion Profiles Project
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AASHTOWareTM BrM Universal Profile 



Scope:
� Update existing FHWA universal profile
� Develop profiles for each component type (4 profiles)
� Develop profiles for common component + material 

types (>20 profiles)
� Prepare documentation that describes development 

process and final selected profiles
� Develop spreadsheet program that applies the 

selected profiles on NBI files and individual bridges

FHWA Conversion Profiles Project
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Contractor:
� Wiss, Janney, Elstner Associates, Inc. (WJE)

Status:
� 2024 publishing (estimated)

FHWA Conversion Profiles Project
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Why is FHWA sponsoring this project?
• Support Transportation Performance Management
• Support element-level bridge management 
• Support inspection data quality review
• Support the FHWA NBIAS* software application (forecasts 

future conditions and needs for biennial reporting to 
Congress)

*National Bridge Investment Analysis System

FHWA Conversion Profiles Project
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Process Summary:

Data Processing 

Data Analysis

FHWA Conversion Profiles Project
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Data Processing:
• Step 1: Data collection (acquisition and storage)
• Step 2: Data assembling (joining)
• Step 3: Data cleaning (censoring)
• Step 4: Data aggregation of multi-element components

FHWA Conversion Profiles Project
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Data Analysis
• Evaluated different techniques for developing 

optimal performing profiles
• Evaluated different definitions for performance 

(accuracy metrics)
• Evaluated different procedures for data aggregation 

of multi-element components

FHWA Conversion Profiles Project
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Step 1 - Data collection (acquisition and storage)
• Data source is publicly available NBI processed files 
• Element data for all NHS bridges not reported until ≈ 

April 2017.
• Reporting started in April 2015.
• Data reported in April 2015 and 2016 was a combination of 

migrated, field collected, and empty data.  
• State submittals included a response to the inventory-level 

question is the element data “migrated”, “field collected”, or 
“combination”.  

• Project used 2017-2022 element data submittals 
excluding post 2016 submittals that answered data is 
“migrated” or “combination”.  

Data Processing
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Step 2 - Data assembling (joining)
• Inventory data needed joined with element data of same year 

(two different files)
• Unique identifiers used for each joined dataset are State 

Code, Structure Number, and Submittal Year
• Data reduced to items needed for developing profiles

• essentially main and approach span types, deck type, component 
ratings, inspection dates, element types and condition states

• Fact table includes a created item for recording an error code 
during data cleaning  

Data Processing
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Step 2 - Data assembling (joining)

Data Processing
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Fact table showing reduced dataset and identifiers



Step 3 - Data cleaning
• Fact table data was retained in project database but not all 

data used in profile development.  
• Example data excluded from profile development;
• Redundant condition data 

• Coincident submittals can convey conditions from the 
same inspection (does not represent separate 
inspection observations)

• Excluded by counting one inspection observation (data 
row) for each routine inspection date

• Bridges with different main and approach span material types 
• Component rating is not associated with one 

superstructure type and corresponding elements.
• Difference in span continuity was not cause for exclusion.

Data Processing
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Data Processing
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FHWA Coding Guide Item 43A Main Spans Material Type 
(Item 44A  Approach Span similar)

Step 3 - Data cleaning



Data Processing
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Step 3 - Data cleaning
Excluded bridges with main and approach material types that are outside the 
following ranges



Step 3 - Data cleaning 
• Questionable data
• Total element quantity equals 0
• Element type does not match with main/approach span material 

type (items 43A & 44A) or deck type (item 107)
• Component rating ≥ 7 and any element comprising the 

component has CS4 > 0%
• Component rating < 7 and all elements comprising the 

component have CS1 = 100%

Data Processing
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Data Processing
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FHWA Coding Guide Item 107 Deck Type 

Step 3 - Data cleaning 



Data Processing
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NBI Deck Type and Deck Element Type Matches

NBI Span Material Type and Superstructure Element Type Matches



Step 4 - Element aggregation (multi-element 
components)
• Profile development considered the condition of all 

elements comprising a multi-element component
• NHS Deck components – approx. 95% are a single element type
• NHS Superstructure components – approx. 90% are a single 

element type
• NHS Substructure components – approx. 15% are a single 

element, 10% two elements, 50% three element types, remainder 
4 or more elements

• Element aggregation resolves to evaluating the 
contribution of each element type on a component rating 
(difficult proposition)

Data Processing
32



Step 4 - Element aggregation (multi-element components)
• Evaluated 8 techniques

o No aggregation
o FHWA First Generation MBEI Data Profile (combination weighted and linear average)
o Linear average
o Linear average of lowest scored elements
o Linear average of highest CS4 elements by normalized quantity
o Linear average of highest CS4 elements by absolute quantity
o Highest CS4 element by normalized quantity
o Lowest scored element

• Data was processed using each aggregation technique for 
later use during data analysis

Data Processing
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After processing completion;
� ≈1.4 million data rows (inspection observations) were 

available for data analysis.  
� Each row representing a component rating and 

element condition states pair 
� Some pairs represented the individual elements of 

multi-element components

Data Processing
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Data Analysis:

Profile development;
• Evaluated different techniques for developing 

optimal performing profiles
• Evaluated different definitions for performance 

(accuracy metrics)
• Evaluated the different techniques for data 

aggregation of multi-element components

FHWA Conversion Profiles Project
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� Project end goal was to develop ≈26 profiles as shown 
in diagram

Data Analysis
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� After application of the profile development techniques it was 
found that some population sizes were insufficient to develop 
convergent profiles.

� Some component + material type population sizes are 
relatively small.

� Need sufficient data across all component ratings (3-9) for a 
component + material type.   
¡ Finding:  rule of thumb need at least 1,000 inspections for 

each component + material type.  
� Developed 22 profiles

Data Analysis
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� Developed conversion profiles 
¡ 22 profiles, universal profile not shown
¡ Profiles in bold border were developed from less than 1,000 

inspections

Data Analysis
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Profile development techniques:
• Uses software applications that identify the best fit profile 

(“optimization algorithms or programming”).
• Best fit does not always mean best performing (will describe 

later)
• best fit is based on optimization objective function
• best performing can be based on a user’s accuracy metric

• Evaluated techniques:
• Logistic regression
• Classification decision tree
• Machine learning and artificial intelligence
• Accuracy also compared with existing profiles 

Data Analysis
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Profile development techniques 
• Logistic regression

o Uses a logistic function to 
model a binary dependent 
variable

o A statistical procedure to 
find the best fit for a set of 
independent variables 
(condition states) versus 
dependent variable 
(component rating) by 
minimizing the sum of the 
offsets from actual value

Data Analysis
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Profile development techniques 
• Classification decision tree

o Supervised machine learning algorithm
o Breaks dataset into smaller and smaller subsets or branches
o Performance is dependent on the number of selected branches 

(input constraint)
o Project selected 20 branches maximum.  Found insignificant 

performance improvement beyond 20 branches and profile would 
be less efficient for manual use and programming.

Data Analysis
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CS 3<0.16% CS 3≥0.16%

CS1<99.99%

CR7

CS 1>99.99

CS 1<86% CS 1≥86%

CS 4<0.4 % CS4≥0.4%

CR 6 CR4

CS 3≥10%
CS 3<10%



Profile development techniques 
• Machine learning and artificial intelligence

• Evaluated K-Nearest Neighbors (KNN), Support Vector 
Machine (SVM), Discriminant.

• “Black box” techniques that did not align with the project 
objectives.  
• Wanted profiles that can be developed using a repeatable 

technique.
• Wanted profiles that could be applied manually.

Data Analysis
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Definitions for performance (accuracy metrics):

• For identifying which profile development and aggregation 
techniques performed best.

• Want the most accurate profile, but how do you define 
accuracy? 
• Highest percentage of converted values that are within ±0 of 

actual value?
• Highest percentage of converted values that are within ±1 of 

actual value?
• Other?

Data Analysis
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Definitions for performance (accuracy metrics)

• Initial results we were showing that the best performing. 
profiles were emphasizing accuracy within the most common 
component condition ratings and sacrificing accuracy within 
the least common condition ratings.  

• Which are the most common component ratings?
• Which are the least common component ratings?

• Most common are 6-7 range.
• Least common are 3-4 range.

Data Analysis
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Definitions for performance (accuracy metrics):

� Component ratings are not a random variable … each value on 
a 0-9 scale does not have equal likelihood of occurring in an 
inventory.  
¡ Its an “imbalanced dataset” … inspection datasets are not distributed 

relatively equally across all condition ratings.
� Project added data sampling and accuracy metrics to address 

the imbalanced dataset issue.

Data Analysis
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Profile development:

Original data sampling technique – whole sample profile population

Added data sampling technique – under sample profile population 

� Under sampling to a condition rating.  
• Balances or partially balances a population by limiting the 

sample from each condition rating to a number equal to the size 
of a selected condition rating.
• Reduces datapoints used for profile development but removes 

optimization bias.
• Decided to under sample to condition rating 4 

• low end of population counts.
• gives equal weight to achieving accurate conversions for rating 4 

(important to owners because rating 4 influences major decisions - 
long range planning, project programming, costly work actions, etc.).

Data Analysis
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Accuracy comparison imbalanced and balanced by under 
sampling to CR4

Data Analysis
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Total Accuracy ±0



Accuracy comparison imbalanced and balanced by under 
sampling to CR4

Data Analysis
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Accuracy by Condition Rating ±0
RC Deck Component – Decision Classification tree - No Aggregation



Definitions used for performance evaluation (accuracy metrics):

• Original metrics - Total accuracy 
• Total % across ratings with converted values ±0 of inspection value
• Total % across ratings with converted values ±1 of inspection value

• Added metrics – Accuracy in select condition ratings  
• For inspection values 4-5: the % of converted values ±0 of inspection 

value 
• For inspection values 4-7: the % of converted values ±0 of inspection 

value 
• “Ranking Score” (weighted combination of preceding bullets)

• Regardless of metrics used for evaluation, all optimization objective 
functions used total accuracy ±0

Data Analysis
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Data Analysis
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Accuracy and Ranking Metrics

Definitions used for performance evaluation (accuracy metrics)



Number of alternative profiles developed for evaluation:

• 2 data sampling methods (balanced and imbalanced) and 8 
aggregation techniques = 16 alternative profiles for each end 
goal profile type

• 16 x 22 end goal profile types = 352 alternative profiles for each 
profile development technique 
• 352 for decision classification tree
• 352 for logistic regression
• plus some

• >700 alternatives developed for evaluation

Data Analysis
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Number of alternative profiles developed for evaluation:

� Each profile was developed using an objective function that maximizes 
total accuracy (maximize total percentage across ratings with converted 
values that are within ±0 of actual value)

Data Analysis
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Final profile selection:

• Evaluation and selection decisions:
1. Optimization technique – decision classification tree or 

logistic regression
2. Sampling technique – imbalanced, balanced by under 

sampling to CR4, or both
3. Aggregation technique for multi-element components – 8 

techniques evaluated

Data Analysis
53



Final profile selection:

Optimization technique: Selected decision classification tree
• Demonstrated better total accuracy and accuracy within 

individual condition ratings compared to logistic regression 
• Simplicity in display format, manual use, and programming 

for automated use

Data Analysis
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Final profile selection:

Sampling technique: Selected both imbalanced and balanced 
by under sampling to CR4
• Imbalanced provides best total accuracy across whole range of 

condition ratings
• Balanced by under sampling to CR4 provides more uniform 

accuracy across whole range of condition ratings 
• Lower total accuracy but more uniform across range of condition ratings 

(including lower ratings)

• User can pick profiles from either sampling technique

Data Analysis
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Final profile selection:

Aggregation technique for multi-element components: 

• There was not a consistent best performing aggregation 
technique across all profile types 

• Aggregation technique did not appear very impactful to 
accuracy

• Still deciding whether to select best performing for each end 
goal profile type or best for each component type and apply the 
same to the component + material types

Data Analysis
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Final profile selection:

Aggregation technique for multi-element components: 
• Selected technique with highest total accuracy ± 0 for 

imbalanced sampling technique profiles

• Selected technique with highest “Ranking Score” for balanced 
by under sampling to CR4 profiles

Data Analysis
57



Final profile selection:
Summary:  
• Selected two profiles for each end goal profile type –
• One profile is based on sampling and aggregation technique 

that yields best total accuracy across whole range of 
condition ratings
• normally very good accuracy near CR6-7 and poor accuracy near CR4

• One profile is based on sampling technique that yields more 
uniform accuracy across range of condition ratings and 
aggregation technique that yields has best accuracy across 
range CR4-5.

• 44 total profiles

Data Analysis
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Summary total accuracy table*

FHWA Conversion Profiles Project
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*(1) Balanced (B) profiles total accuracy values reflect aggregation technique that has highest value for using the ranking score metric.  
  (2) For simplicity, all final selected profiles may use best performing aggregation technique average by component (on average) rather than by component + material.

B ≡ under sampling to CR4
IB ≡ imbalanced sampling



Summary total accuracy table

FHWA Conversion Profiles Project
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Summary total accuracy table

FHWA Conversion Profiles Project
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FHWA Conversion Profiles Project
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� Example profile (for substructure component balanced by under sampling to CR4)

CS1 ≥ 92.5%CS1 < 92.5%

CR4CR5



Office of Infrastructure

Q U E S T I O N S ?
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