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Executive Summary

MDOT’s bridges are a vital part of infrastructure traveled by the public. Safety, durability, and
long life cycles are essential to carrying out MDOT’s mission. Federal asset management and
performance measure rulemakings are now required. The need to address bridge data
elements and overall management and organization of MDOT associated with bridges to
optimize bridge life cycles, design, materials, construction, inspection, and maintenance is a
vital component to MDOT’s operations.

Data elements for bridge design, materials, construction, inspection, and maintenance were
addressed through literature search, national survey of other state DOT practices, review of
MDOT’s current data elements, meetings with MDOT’s Technical Advisory Committee, Central
Office staff, and Districts 1, 2, 3, 5, 6, and 7, and recommendation for additions and filling data

gaps.
Improvements made consist of:

1) Improved understanding of bridge data elements managed by MDOT.

2) Improved connectivity and relationships to existing body of knowledge specific to
bridge data elements. MDOT completed a study in April 2019 regarding Best
Practices in Estimating Camber of Bulb T and Florida Girders (State Study 288).

3) Improved access to as-built and historic bridge data element information.

4) Added clarity to the MDOT staff associated with the various bridge data elements.

5) Through documenting the various bridge data elements, software used, and
organization of MDOT staff associated with bridge data elements improved
consistency, access, staff productivity, communication, data collection, workflows
and procedures, and quality is realized.



Background

MDOT’s bridges are a vital part of infrastructure traveled by the public. Safety, durability, and
long life cycles are essential to carrying out MDOT’s mission. Federal asset management and
performance measure rulemakings have also been required in the last few years. Many bridges
have been posted for lower weight limits or closed, which impacts the motoring public.

MDOT seeks to discover what data elements are needed to optimize bridge life cycles, design,
construction, and maintenance. Some elements are already in AASHTOWare; however, there
may be gaps that need to be addressed. This study will identify gaps and capture what each
element means (i.e. metadata) and how each will be used. Some examples of these data
elements include the actual concrete strength of prestressed concrete (PSC) beams and cast in
place (CIP) bridge decks that might help the Bridge Division to more accurately design and even
anticipate certain variables in construction as well as assist in more accurate load ratings of
bridges. For example, if the actual concrete strength of a PSC beam were known for a particular
bridge, and that bridge was about to be posted based on the data in the plans, the bridge might
not be posted based on the “actual” data that was recorded. Other examples, with similar
knowledge benefits, might include elements such as actual soil strengths, drilled shaft concrete
strengths, and PSC beam camber values.

Anticipated benefits include more consistent and meaningful data elements resulting in more
efficient bridge designs and ratings, construction, and maintenance. Capturing these elements
and their metadata will immediately yield knowledge capture benefits, which will aid the
passing of institutional knowledge and on-boarding new employees. Not only will this benefit
both Bridge Design and Bridge Ratings, but other MDOT staff associated with bridge data
elements such as Districts, Geotechnical Construction, Materials, Maintenance, and Inspection.

The Technical Advisory Committee (TAC) consisted of representatives from MDOT’s Bridge
Design Division, Materials Division, Geotechnical Group, and Research Division. Central Office
staff included representatives from Construction, Materials, Planning, and Information Systems.



Research Approach

The research study consisted of various tasks that addressed the research topic, including close
collaboration and input by MDOT’s Bridge Design, Central Office Staff from (Construction,
Materials, and Geotechnical) Research Divisions, District Staff, and the Technical Advisory
Committee. A kick-off meeting was held at MDOT to discuss the research plan, coordinate
information that MDOT would provide throughout the research, and verify contact information.
A Technical Advisory Committee (TAC) meeting took place on October 9, 2019 along with a
follow up TAC meeting together with Central Office staff on February 6, 2020 to further discuss
the research progress and go over research findings summarized to date. Meetings with
District 6 and District 2 took place on November 25, 2019 and March 16, 2020 respectively. A
virtual meeting was held on October 8, 2021 with Districts 1, 3, 5, and 7.

A literature search was performed to collect all relevant publications and reviewed with MDOT
for applicability to the research project.

MDOT’s current bridge data elements were reviewed along with MDOT staff associated with
bridge design, materials, construction, inspection, and maintenance. MDOT’s overall
organization of bridge data elements and software were reviewed.

An AASHTO Research Advisory Committee (RAC) Survey was sent out to other State DOT
agencies to gain insight to how bridge data elements are being managed and utilized
throughout the United States. The AASHTO RAC to the AASHTO Special Committee on Research
and Innovation (R&I) supports the activities of R&I and is committed to being a proactive
committee promoting quality and excellence in research and in the application of research
findings to improve state transportation systems. Each AASHTO Member Department is
represented on RAC.



Research Findings and Applications

Literature Review

An extensive literature review was conducted on eighty-two publications to capture a broad-
range of topics related to the research study. Various publications were reviewed to ascertain
what research has been previously performed related to bridge data elements and/or which
literature documents address bridge data elements and/or contained additional information
related to the research study.

The list of the publications reviewed and literature review document is included in Appendix A-
1 along with highlighted information that is of particular interest to the research topic.

The literature review generated the following list of topics that are co-related to the research
topic. The number shown to the right of each topic inside the brackets lists the number of times
in the various literature review documents that the topic appeared. The literature review
confirmed that there are numerous co-related topics associated with managing bridge data
elements within a State DOT owner agency. The challenge for State DOT agencies is to fully
understand and document all aspects associated with data elements part of their overall Asset
Management and/or Bridge Data Elements Program. Depending on how the State DOT owner
agencies are organized, the following co-related topics are either inclusive of Bridge Data
Elements or related to Bridge Data Elements to a certain extent.

Bridge data elements either fall under one or several of these co-related topics within a State
DOT owner agency or one or several of these co-related topics fall under Bridge Data Elements.

e Data (historic, collection, inspection, paper vs. electronic) [27]

e Preservation, Bridge preservation [21]

e Performance (targets, goals, measures, management, program, reporting,
index, gaps) [16]

e Management [16]

e Maintenance [15]

e Condition, conditions, bridge conditions [12]

e Asset [12]

e Testing (pile installation, drilled shaft integrity, software, certifications,
chloride content, soil corrosion, elastomeric bearing pad, beta, regression,
load) [10]

e Bridge management [9]

e Plan (short-term, long-term, TIP, TAMP, maintenance, data-collection,
bridge preservation) [9]

® Repair(s) [8]
e Planning [8]



Software [8]

Asset Management [8]

Cost (life-cycle, historic) [7]
Material(s) [7]

Inspection [7]

Service Life [7]

Element(s) [5]

Rehabilitation [5]

Life cycle [5]

Topic(s) [5]

Research [5]

Benefits [4]

Decision making [4]
Specifications [4]

Penalties [4]

Practices, best practices [4]
Construction [4]

Monitoring [4]

Records, bridge records [4]
Deterioration models [4]
MAP-21 [4]

Database [4]

Non-Destructive (testing, evaluation) [4]
Risk [4]

Walls, retaining walls [4]
Durability [4]

Bridge Management Systems (BMS) [3]
Web (integration, services) [3]
Highway Code of Federal Regulations (CFR) [3]
Overlays [3]

Implementation [3]
Knowledge-base [3]

Training [3]

Culverts [2]

Bridge Information Modeling (BrIM), Building Information Modeling (BIM) [2]
Financial [2]

Investment [2]

Load rating [2]

Procedures [2]

Prioritization [2]

Environmental (sustainability) [2]



e Bridge files [2]

e Geotechnical [2]

e Material property data [1]

e Serviceability [1]

e Education [1]

e Fiber reinforcing [1]

e Self-Consolidating concrete (SCC) [1]

e Ultra-High Performance Concrete (UHPC) [1]
e Programming [1]

e Subsurface borings [1]

e Workflow [1]

e C(Case studies [1]

e Transportation Asset Management Plan (TAMP) [1]
e Compliance [1]

e Topic(s) [1]

¢ Unmanned aerial vehicle (UAV) [1]

e LIDAR or imaging sensors scanning [1]

e Technologies [1]

National Survey and Other State DOT Current Practices

An AASHTO RAC Survey was sent out on March 3, 2021 with responses received by March 31,
2021. Fourteen AASHTO State Members responded with the questions and synthesis of the
responses shown below. All responses are located in Appendices B-1. AASHTO’s Special
Committee on Research and Innovation website has a complete list of other RAC Survey results
at the following website address: https://research.transportation.org/rac-survey-results/.

1. Bridge Data Elements:
In addition to the Bridge Data Elements associated with Bridge Element Level
Condition Inspections, what are the other Bridge Data Elements utilized/managed by
your Bridge Division/staff?

Six AASHTO State DOTs responded that they utilize/manage AASHTO defined
National Bridge Elements (NBEs) and/or Bridge Management Elements (BMEs).
Seven respondents collect Agency Bridge Elements in addition to the AASHTO
defined elements associated with Bridge Inspections/Bridge Inventory or bridge
management information with one DOT adding that they store bridge inspection
files within the AASHTO BrM software database and store archived design and
construction records on archived network drives. One DOT uses an agency-wide
document management system with bridge drawings stored and managed by their
Bridge Bureau on agency-shared drives.


https://research.transportation.org/rac-survey-results/

2.

3.

4.

Documentation:

Do you currently have a user manual, procedures, or flowchart that lists/describes
the various bridge data elements and State DOT staff associated with the varies
Bridge Data Elements? If yes, could you provide a copy of the documentation or link
toit?

Three AASHTO State DOTs responded that they do not have current documentation
outlining the various bridge data elements along with the various State DOT staff
who are associated with the various bridge data elements. The remaining
respondents primarily use a combination of DOT Bridge Inspection Manuals and the
AASHTO Manual for Bridge Inspection supplemented with tables provided by FHWA.

Software:

What software is used to manage and access the various bridge data elements?

All AASHTO State DOT respondents utilize software to manage and access bridge
data elements. InspectX by Bridge Intelligence is used by two AASHTO DOTs.
AssetWise Asset Reliability Inspections from Bentley Systems is used by seven
respondents to manage structure information with one DOT developing a web-
based tool called Combined Inspection System (ComblS) that integrates with
AssetWise Asset Reliability Inspections software.

Four DOTs use combinations of internal spreadsheets, SQL servers/databases, or
system shared drives to store element level information with access to internal
transportation management systems. One of the four DOTs uses AASHTOWare BrDR
to link their data. One DOT uses an internal inspection software called WIGINS that
is linked to an internal asset management system (Agile Assets’ BMS). A DOT noted
storing project plans, bridge plans, and bridge inspection files on their archived plan
website along with various manuals and design resources also being available
through their website. Another DOT uses an internal transportation management
system to store element level information.

Management:

Do you have a Data Governance structure or Data Assets Oversight Group who
makes decisions regarding bridge data assets and/or the Department’s overall data
assets?

Four AASHTO DOT respondents have either a Data Governance structure or Data
Assets Oversight Group, one DOT is in the process, and nine DOTs do not. Several of
the DOTs who answered “no” commented that decisions are made within the
respective structures management unit, bridge program, or division of bridge
engineering and infrastructure management concerning bridge data with input
and/or support by other DOT groups or teams. Another DOT respondent who



answered “no” handles bridge element decisions within their heavy bridge
maintenance section under their maintenance division.

5. Additional Information:
In addition to the various data elements associated with inspection of bridges, what
are the other data elements that are associated with managing your bridge
inventory and which Divisions, Branches, or Units are responsible for the other
bridge data elements? Examples include:

e Geotechnical/subsurface information
e Hydraulics & scour data
e C(Costs
e Design data
e Load rating information
e Bridge project records
e Precast manufacture data
o Camber information
o Concrete compressive strength cylinder break data
e Construction information
o As-built data
o Pile driving records or pile test data
o Material certs
o Shop drawings
e Maintenance data
e Repair data
e GISdata

One AASHTO DOT respondent has in addition to the national bridge elements (NBE), agency
defined elements (ADE) are collected and managed by an internal Bridge Management System
(BMS) Team. Another DOT archives all project records and files managed by their Bridge
Management Section and their IT and/or Planning departments are responsible for GIS
applications.

Review of MDOT Current Bridge Data Elements

One of the primary research tasks was to review MDOT’s current bridge data elements,
organization and management of bridge data elements, staff associated with bridge data
elements, and software utilized.

One common question that came up initially when meeting with various MDOT staff is what are
the various bridge data elements and where do they exist within MDOT. Some other questions
were, who is responsible for collecting and maintaining the various bridge data elements, who
has access, and is there any documentation within MDOT associated with the various data

elements for bridge design, materials, construction, inspection, and maintenance. These initial
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guestions through meetings and discussions with MDOT staff assisted with clarifying aspects of
the research that needed to be addressed.

The review of MDOT’s current bridge data elements began with a collection of the existing
documentation MDOT has published available to the public primarily through MDOT’s website
along with reviewing how MDOT is currently organized. MDOT, like other State DOT Agencies,
has a core group of staff at the Central Office level who support the current six (6) District
offices located throughout the State of Mississippi. The Districts are primarily responsible for
Project Delivery and Construction, Bridge Inspections, and bridge maintenance. Several Districts
share the responsibility of materials with Central Office Materials Division.

In addition to MDOT’s Districts and Divisions, MDOT has supporting groups, and various
functions that are integral to managing MDOT’s overall Transportation Program including
bridges. The focus of the research is specific to bridges, but, in addition to bridges, MDOT has
other assets that are managed within MDOT’s overall Transportation Asset Management
Program that include culverts, retaining walls, MSE walls, noise walls/sound walls, pavement,
high-mast light poles, and signs. The planning and programming of these various assets with
MDOT’s Transportation Program has similarities and are a vital part of MDOT’s operations.

Figure 1 depicts MDOT’s organization and entities associated with the various data elements for
bridge design, materials, construction, inspection, and maintenance.

I Districts I Planning Research

Contract

Admin. Bridge

| "}E{l{_!&..%;}'.!" lie Materials

atorinde Bridge
Im-; ﬁq [iﬂ-]l
| 1. |

Information TR e
A tl Construetion

Data Governance Iﬂ I el I
Ilnsset n‘lmulementll @ I Surveying I

Figure 1 - MDOT Organization and Entities Associated with Data Elements



Another approach used during the research was to understand what data element needs
MDOT’s various Divisions (e.g. Bridge Design, Construction, Materials, Planning, Contract
Administration, Local Public Agency, and Information Systems), Districts (Construction,
Materials, Bridge Inspection, and Maintenance), and Geotechnical and Surveying Groups
required for performing their functions within MDOT. Needs that developed included load
ratings, bridge design, bridge inspections, bridge hydraulics and scour, reporting bridge element
level conditions and performance measures/data, bridge inventory data, short-term and long-
term bridge planning, incorporating bridge elements into MDOT’s Transportation Asset
Management Plan (TAMP), maintaining bridge records part of bridge asset management,
material testing and material records, cost data, funding information, camber data for
precast/prestressed girders, as-built bridge data and bridge construction documentation and
daily reports, existing bridge plans, GIS, bridge repairs, and bridge maintenance/preservation
information.

Table 1 lists the various bridge data elements and MDOT staff associated with the various data
elements for bridge design, materials, construction, inspection, and maintenance.

Table 1 — Data Elements and MDOT Staff Associated with Data Elements

Data Elements MDOT staff associated with BDE
bridge design Bridge Division
materials Central Office, Districts
geotechnical/subsurface Geotechnical Group
hydraulics & scour Bridge Division
costs Contract Administration Division, Districts
load ratings Bridge Division
project records/documents
construction
specifications ns & erials
product inspections Materials Division (Districts)
prestressed concrete girders |Materials Division (Districts)
camber data Materials Division (Districts)
prestressed concrete piles Materials Division (Districts)
steel piles Materials Division (Districts)
daily reports Districts
material certifications Materials Division (Districts)
pile testing data Districts
pile driving records Districts
geotechnical data Districts, Geotechnical Group
material testing Districts
as-built drawings Districts
shop drawings Bridge Division, Materials Division (Districts)
working drawings Bridge Division, Materials Division (Districts)
bridge inspection/element level condition data Bridge Division, Districts (Bridge Inspection Personnel)
chloride content/corrosion data Bridge Division, Districts
non-destructive evaluation (NDE) Bridge Division, Districts
structural health monitoring/instrumentation [Bridge Division, Districts
UAV/drones Bridge Division, Districts
scour data Bridge Division, Districts
maintenance Districts
bridge repairs Bridge Division, Districts
GIS data Information Systems Division

10



Central Office and District staff use various forms to collect project information and/or as-built
data. Project data is stored at the District level and uploaded to various MDOT Software
Applications (e.g. ProjectWise, AssetWise/InspectTech, AASHTOWare/Site Manager, AMMO,
Bridge Division Server, or Oracle Database). ProjectWise is used by MDOT to manage projects
and includes project information.

MDOT’s current bridge inspection software is InspecTech. Bridge Inspections are performed by
District Bridge Inspection staff. Bridge data elements and quantity data is collected during the
bridge inspections in compliance with National Bridge Inspection Standards (NBIS). MDOT’s
State Bridge Inspection Program Manager Richard Withers is located in Central Office.
InspecTech software is used to collect bridge element level inspection data. The data is
collected in the field on paper and transferred into InspectTech. MDOT integrated AssetWise in
June 2019, which integrates bridge inspection information collected through InspecTech.
District Bridge Inspectors also use an application located on the bridge server for taking
stream/groundline soundings during bridge inspections. This app/form is then input into
InspectTech.

One commonly used application for maintenance management is MDOT’s accountability in
MDOT Maintenance Operations, commonly referred to as AMMO. AMMOT is primarily used for
daily operations, support of maintenance and business processes, and reporting. A bridge
maintenance work order and Inspection of Prestressed Concrete Bridge Members form is used
by District staff and uploaded to AMMO. District staff also collects a daily pour log. Districts use
AMMO software to create work orders for bridge maintenance and bridge preservation
activities and District maintenance analysist assists with pavement and bridge asset information
contained in AMMO software. Each bridge asset is assigned an asset identification number.
Districts perform interim bridge inspections associated with generating major bridge repair
work orders and documents the information in InspectTech bridge inspection software (e.g.
hydro-demolition of existing bridge deck with new overlay). There is a difference between
typical bridge maintenance activities and bridge repairs. Bridge repairs are usually coordinated
with the Bridge Division and are typically performed by Contractors and not District personnel.
InspectTech bridge inspection software maintains records of the bridge repairs. Costs for the
repairs are not maintained in InspectTech. District staff does maintain maintenance costs, but
by the task/number maintained in the AAMO software rather than by bridge. All bridge
maintenance activities and bridge repairs are stored in AMMO. Site Manager and AMMO are
currently not in NBIS element level/specific data format.

Site Manager and AMMO are utilized by MDOT District construction and materials staff to
upload bridge assets/data element information. District Materials provides inspection and/or
certification of bridge data elements consisting of girders, piles, concrete pour reports, and
documents inspections and/or certifications on various forms that are uploaded to MDOT’s Site
Manager software. District materials staff uploads materials information to Site Manager also
and uses a QC/QA spreadsheet to record concrete strength, slump, and air. This information
resides in SiteManager and/or on file at the MDOT Field Office at the Concrete Girder
Manufactures/Producer’s Yard.

11



There is a spreadsheet in Site Manager used by District Project Engineers to record material
information for cast-in-place decks and other cast-in-place bridge elements. Information
entered into Site Manager is by project number rather than by bridge identification number.

Project office records (e.g. pile driving records, test pile information) is recorded by District
Project Engineers and is passed onto the Bridge Division and is stored in either ProjectWise or
the Bridge server.

Site Manager is used to store project daily reports, quantities, and project testing data prepared
by MDOT Construction staff. Project records include material certifications. A FMS number is
assigned to projects from which project records are filed under. Precast bridge elements
consisting of bridge beams/girders, concrete piles, and steel piles are inspected by District
Quality Assurance (QA) staff. Data is uploaded to Site Manager.

Geotechnical boring materials data for bridges are handled out of the central office materials
lab. Test pile data is recorded by the Project Office staff located in the Districts. Pile records are
uploaded to ProjectWise. MDOT’s Geotechnical Group collects pile driving analysis (PDA) data.

District construction staff record as-built bridge drawings and upload them to MDOT’s Site
Manager software and send as-built bridge drawings to central records managed by MDOT’s
Information Systems Divisions (via MDOT’s At-Work Intranet).

As-built drawings for construction contracts are scanned into Projectwise by Roadway Design
Division after being submitted by the Project Engineer. Records such as pay item calculations
and project diaries are housed in Site Manager. Existing bridge drawings/plans and bridge
location maps are stored on the Bridge Division Server.

Unmanned Ariel Vehicles (UAV)/drones are being used to monitor areas after post-storm
events and assist with hydraulic data. Unmanned Ariel Vehicles (UAV)/drones are also being
used to monitor slides, collect project hydraulics information, and review environmental
commitments on various projects.

MDOT’s Information Systems Division manages GIS information related to bridge assets.

MDOT’s Survey Group provides construction staking information on projects and MDOT has a
Pay Item for this work. Elevations and/or construction staking information associated with
MDOT's bridge assets/data elements are recorded on project drawings in the form of as-built
information.

MDOT’s Contract Administration Division checks the pay item calculations and project diaries
when submitted with the final documentation.

The following bridge data element information gets coordinated between the Bridge Design
Division and Districts: precast/prestressed concrete beam strengths, cast-in-place concrete
deck strengths, pile driving records, project letting information, and bridge paint information.

At the time of the research, Site Manager was scheduled to be replaced with AASHTOWare, but
no firm schedule commitment dates were provided.

12



The following Figure 2 represents the various software used by MDOT associated with bridge
data elements.

Bridge Data Elements

@ Software

ASSET
WISC

ORACLE’

PROJECT-WISE

Bridge

Division

Figure 2 — Software used by MDOT Associated with Data Elements

Recommendations for Additions & Filling Data Gaps

The majority of data elements that are collected and managed specific to bridge design,
materials, construction, inspection, and maintenance fall under the element level as defined in
publications for national bridge inspection standards. The original Report No. FHWA-PD-96-001
published by the U.S. Department of Transportation Federal Highway Administration was titled
“Recording and Coding Guide for the Structure Inventory and Appraisal of the Nation’s
Bridges.” As outlined in the Introduction of the report, this Guide has been prepared for use by
the States, Federal, and other agencies in recording and coding the data elements that will
comprise the National Bridge Inventory data base. By having a complete and thorough
inventory, an accurate report can be made to the Congress on the number and state of the
Nation’s bridges. The Guide also provides the data necessary for the Federal Highway

13



Administration (FHWA) and the Military Traffic Management Command to identify and classify
the Strategic Highway Corridor Network and its connectors for defense purposes.

The coded items in this Guide are considered to be an integral part of the data base that can be
used to meet several Federal reporting requirements, as well as part of the States’ needs. These
requirements are set forth in the National Bridge Inspection Standards (23 CFR 650.3) which are
included as Appendix C. A complete, thorough, accurate, and compatible data base is the
foundation of an effective bridge management system. Reports submitted in connection with
the Highway Bridge Replacement and Rehabilitation Program and the National Bridge
Inspection Program also are related to this Guide.

The AASHTO Manual for Condition Evaluation of Bridges discusses the various items of
information that are to be recorded as part of original bridge reports. That manual and the
Bridge Inspector’s Training Manual/90, with supplements, discuss inspection procedures and

the preparation of detailed reports about the structure components. These reports will be the
basis for recording values for many of the data elements shown in the Guide, particularly those
having to do with the condition or the appraisal ratings.

Some bridge owners are collecting bridge condition ratings for items included in this Guide
(Items 58-Deck, 59-Superstructure, 60-Substructure, and 62-Culverts) using the American
Association of Highway and Transportation Officials’ (AASHTO) Guide for Commonly Recognized
(CoRe) Structural Elements. CoRe element inspection ratings provide detailed condition
assessments that can serve as input into a comprehensive bridge management system (BMS).
The FHWA has provided bridge owners with a computer program for translating bridge
condition data in the CoRe element format to National Bridge Inventory (NBI) condition ratings
for the purpose of NBI data submittal to FHWA. The purpose of the program is to permit bridge
inspectors to record condition information in a format that satisfies both BMS and NBI data
collection requirements.

The Structure Inventory and Appraisal (SI&A) Sheet and the sufficiency rating formula, with
examples, are included as Appendices A and B, respectively. The SI&A sheet is intended to be a
tabulation of the pertinent elements of information about an individual structure. Its use is
optional, subject to the statements in the preceding paragraph of this Introduction. It is
important to note that the SI&A Sheet is not an inspection form but merely a summary sheet of
bridge data required by the FHWA to effectively monitor and manage a National bridge
program.

States, Federal, and other agencies are encouraged to use the codes and instructions in this
Guide. However, its direct use is optional; each agency may use its own code scheme provided
that the data are directly translatable into the Guide format. When data is requested by FHWA,
the format will be based on the codes and instructions in the Guide. An agency choosing to use
its own codes shall provide translation or conversion of its own codes into those used in the
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Guide. In other words, agencies are responsible for having the capability to obtain, store, and

report certain information about bridges whether or not this Guide or the SI&A Sheet is used.

Any requests by the FHWA for submittal of data will be based on the definitions, explanations,
and codes supplied in the Guide, the AASHTO Manual for Condition Evaluation of Bridges, and
the Bridge Inspector’s Training Manual/90 plus supplements.

The values provided in the tables or otherwise listed in this Guide are for rating purposes only.
Current design standards must be used for structure design or rehabilitation. All possible
combinations of actual site characteristics are not provided in this Guide. If a special situation
not listed in the Guide is encountered, the evaluation criteria closest to the actual site situation
should be used.

The implementation of this Guide may require some restructuring of an agency’s data base and
support software. If so, it is suggested that the agency consider the additional enhancements
that would be necessary to support a bridge management system.

Appendix D is a Commentary that compares, item by item, the 1988 Guide to this Guide. The
Commentary will provide a ready reference for item changes.

A few definitions of terms relevant to the research taken from the Guide include:

Bridge. The National Bridge Inspection Standards published in the Code of Federal
Regulations (23 CFR 650.3) give the following definition:

A structure including supports erected over a depression or an obstruction, such as
water, highway, or railway, and having a track or passageway for carrying traffic or other
moving loads, and having an opening measured along the center of the roadway of
more than 20 feet between undercopings of abutments or spring lines of arches, or
extreme ends of openings for multiple boxes; it may also include multiple pipes, where
the clear distance between openings is less than half of the smaller contiguous opening.

Commonly Recognized (CoRe) Structural Elements. A group of structural elements
endorsed by AASHTO as means of providing a uniform basis for data collection for any
bridge management system, to enable the sharing of data between States, and to allow
for a uniform translation of data to NBI Items 58, 59, 60, and 62.

Bridge Management System (BMS). A system designed to optimize the use of available
resources for the inspection, maintenance, rehabilitation, and replacement of bridges.

AASHTOQ’s The Manual for Bridge Evaluation emphasizes the importance of maintaining Bridge
Records and Bridge Management Systems. Section 2: Bridge Files (Records) states: “Bridge
Owners should maintain a complete, accurate, and current record of each bridge under their

jurisdiction. Complete information, in good usable form, is vital to the effective management of
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bridges. Furthermore, such information provides a record that may be important for repair,
rehabilitation, or replacement.

A bridge record contains the cumulative information about an individual bridge. It should
provide a full history of the structure, including details of any damage and all strengthening and
repairs made to the bridge. The bridge record should report data on the capacity of the
structure, including the computations substantiating reduced load limits, if applicable.

A bridge file describes all of the bridges under the jurisdiction of the Bridge Owner. It contains
on bridge record for each bridge and other general information that applies to more than one
bridge.

Items that should be assembled as part of the bridge record are discussed in Article 2.2.
Information about a bridge may be subdivided into three categories: base data that is normally
not subject to change, data that is updated by field inspection, and data that is derived from
the base and inspection data. General requirements for these three categories of bridge data
are presented in Articles 2.3, 2.4, and 2.5, respectively.

Some or all of the information pertaining to a bridge may be stored in electronic format as part
of a bridge management system. When both electronic and paper formats are used for saving
data, they should be cross-referenced to ensure that all relevant data are available to the
inspector or evaluator.”

Further, AASHTO’s The Manual for Bridge Evaluation Section 3: Bridge Management Systems

states: “Transportation agencies must balance limited resources against increasing bridge
needs of an aging highway system. The best action for each bridge, considered alone, is not
necessarily the best action for the bridge system when faced with funding constraints. The best
action to take on a bridge cannot be determined without first determining the implications
from a system-wide perspective. Bridge engineers, administrators, and public officials have
acknowledged the need for new analytical methods and procedures to assess the current and
future conditions of bridges and to determine the best possible allocation of funds within a
system of bridges among various types of bridge maintenance, repair, rehabilitation, and
replacement choices. The advent of Bridge Management Systems (BMS) is a response to this
need.

Bridge Management Systems require the data and results from condition evaluation. The aim of
this Section is to provide an overview of BMS and discuss their essential features.”

In 2005, AASHTO Highways Subcommittee on Bridges and Structures adopted The Manual for
Bridge Evaluation, First Edition (MBE). The MBE combines The Manual for Condition Evaluation
of Bridges, Second Edition, and its 2001 and 2003 Interim Revisions with the Guide Manual for
Condition Evaluation and Load and Resistance Factor Rating of Highway Bridges, First Edition,
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and its 2005 Interim Revisions. Revisions based on approved agenda items from annual AASHTO
Subcommittee meetings in 2007 and 2008 are also incorporated into the MBE.

The importance of the adoption of the MBE is that element level condition data is now required
to be collected and reported. Section 3.3.1.1.1-Bridge Inventory of the MBE states: “The
National Bridge Inventory (NBI) is data collected by each state Department of Transportation
(DOT) and reported to the Federal Highway Administration (FHWA). The data includes
inventory, appraisal, and condition information for the nation’s highway bridges. NBI data
includes component and element level condition data. Bridge owners may also have agency
specific bridge inventory data that they use in their BMS.” Further, Section 3.3.1.1.3-Bridge
Element Ratings states: “To meet the data needs of a modern BMS, AASHTO developed an
element level condition assessment system. Bridge elements comprised of National Bridge
Elements (NBEs), Bridge Management Elements (BMEs), and Agency-Defined Elements (ADEs)
are defined in the AASHTO Manual for Bridge Element Inspection (MBEI). The goal of bridge
element data is to completely capture the condition of bridges in a simple and effective way
that can be standardized across the nation while providing the flexibility to be adapted to both
large and small agency settings. Element descriptions consider material composition and where
applicable, the presence of protective systems. The condition of each element is reported
according to the quantity or percentage of the element rated in four Condition States (CS): CS
1-Good, CS2-Fair, CS3-Poor, and CS4-Severe. The MBEI defines the condition states in objective
engineering terms that are intended to provide consistent ratings nationwide. All National
Bridge Elements and a select number of Bridge Management Elements on the National Highway
System (NHS) are reported to the FHWA to develop bridge condition reports to the United
States Congress. Using element level data, DOTs and local bridge owners can better evaluate
individual components of a structure, determine and prioritize preservation needs, and
estimate cost for projects.”

Also, Section 4.2.6-Collection of Element Level Data of the MBE states: “Federal regulations
(MAP-21) require element level data to be collected and transmitted to the FHWA for highway
bridges on the National Highway System (NHS). In addition to federal mandated minimum
requirements, Bridge Owners may record additional element level data for bridges on the HNS
to suit individual needs. Collection of element level data for bridges off the NHS is at the Bridge
Owner’s discretion. Develop and implement procedures to collect element level data for
bridges on the NHS in accordance with the AASHTO Manual for Bridge Element Inspection.
Develop and implement standardized Element Level inspections of HNS bridges, following
procedures identified in the AASHTO Manual for Bridge Element Inspection.”

MDOT is in compliance with the National Bridge Inspection standard requirements and is
collecting, recording, and submitting the necessary bridge information outlined in the National
Bridge Inspection Standards.
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The research did not find any data gaps in the data elements currently collected and managed
by MDOT associated with bridge design, materials, construction, inspection, and maintenance.
Therefore, no recommendations are given.

In the future, if MDOT does find new or supplemental Agency-Specific data elements of
interest, then MDOT can supplement the National Bridge Elements (NBE) with Agency Defined
Elements (ADE) accordingly.

Definition of Metadata for Added Elements

Metadata can be defined as all of the data used to describe an asset. Since the research did not
find any gaps in MDOT'’s current data elements for bridge design, materials, construction,
inspection, and maintenance, there are no added data elements; therefore no metadata for
added elements.
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Conclusions

The literature review revealed numerous co-related topics that are associated with data
elements for bridge design, materials, construction, inspection, and maintenance. This
research topic is very broad and includes many aspects associated with bridge data
elements that span across multiple organization entities within a State DOT agency. This
creates both a challenge and opportunity for MDOT and other State DOT agencies to
document how their organizations are currently operating related to bridge data
elements and how bridge data elements are managed.
The AASHTO RAC National Survey provided insight that other State DOT agencies are:
a. Documenting and managing data elements mainly as defined in the National
Bridge Elements (NBEs) or in addition to NBEs, agency defined bridge elements
(ADEs) are collected and managed. All bridge data element information is stored
through a combination of software applications, database, or agency-wide
document management systems.
b. Utilizing agency specific software, spreadsheets, databases, website, or system
shared drives, internal transportation management systems, and AASHTOWare.
c. Nine of the AASHTO members do not have a data governance or data asset
oversight group; four have, and one DOT is in the process of establishing a data
governance or data asset oversight group. Collectively the various State DOT
agencies are collaborating among their management teams together with their
bridge program leaders for bridge data element decisions.
MDOT is currently managing their data elements for bridge design, materials,
construction, inspection, and maintenance throughout their respective Divisions and
Districts including support from the Geotechnical and Survey Groups. The collection and
documentation of the data elements get uploaded to several different applications that
have their own access and functionality.
There are day-to-day activities and responsibilities within MDOT by each of the
respective Divisions, Districts, and Groups personnel associated with Bridge Data
Elements that is a very important component to the MDOT Managing their overall
Transportation Program. Close collaboration between these staff is a vital role and will
continue to be a vital role in the future. Therefore, a clear understanding and
documentation of the various data elements for bridge design, materials, construction,
inspection, and maintenance should be a top priority.
Based on the research findings and recommendations, the following benefits are
realized:
a. More consistent and meaningful data elements will result in more efficient
bridge designs and ratings, construction, maintenance, bridge inspections, and
materials.
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Capturing these elements and their metadata will immediately yield knowledge
capture benefits, which will aid the passing of institutional knowledge and on-
boarding new employees.

Improved understanding of bridge data elements managed by MDOT.
Improved connectivity and relationships to existing body of knowledge specific
to bridge data elements. MDOT completed a study in April 2019 regarding Best
Practices in Estimating Camber of Bulb T and Florida Girders (State Study 288).
Improved access to as-built and historic bridge data element information.
Added clarity to the MDOT staff associated with the various bridge data
elements.

Through documenting the various bridge data elements, software used, and
organization of MDOT staff associated with bridge data elements, improved
consistency, access, staff productivity, communication, data collection,
workflows and procedures, and quality is realized.
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Recommendations

The following recommendations are provided for consideration by MDOT.

1.

10.

11.

12.

13.

14.

Streamline access to bridge data elements by providing access for District staff to bridge
data elements in ProjectWise and/or other software.

Ppload prestressed girder and pile manufacture product records into MDOT's Site
Manager or other software.

Look for ways to streamline access to historic bridge data element information and
workflows.

Eliminate historic project records and new project records located on multiple software
platforms.

Provide access to ProjectWise for all MDOT staff.

Create a user manual/reference guide for MDOT staff associated with bridge data
elements.

Instead of entering bridge data element information into Site Manager and/or other
MDOT databases by project number, enter the associate bridge data element
information according to each Bridge Identification Number (BIN).

Link all materials data/information associated with bridge assets into one report.

Link all bridge cost information to each bridge asset.

Have a single report associated for each bridge asset that includes all bridge records
including data elements.

Include the bridge identification number (BIN) on all bridge
records/reports/forms/inspection data and AMMO maintenance activities.

Bridge Division to assign bridge identification number and include with all project
plans/drawings.

In addition to national bridge elements (NBE), make a list of additional agency defined
elements (ADE).

Document institutional knowledge within MDOT related to Bridge Data Elements.
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Implementation Plan

MDOT will implement recommendations to streamline data elements for bridge design,
materials, construction, inspection, and maintenance. This could result in specification updates,
addition of data elements to bridge inspection criteria and/or project records, and possibly data
to feed performance prediction models. Training and knowledge-base transfer of data element
information could also be integrated into MDOT’s Operating Procedures.
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List of literature review documents (as of 2-27-20) with summary of aspects relative to the MDOT Data
Elements research study.

1.

Durability of Lightweight Concrete Bridges

Reid W. Castrodale, PhD, PE and Kenneth S. Harmon, PE

PCI-FHWA National Bridge Conference, Proceedings Paper 48/October 5-7, 2008

Provides overview to lightweight concrete and lightweight aggregates characteristics that make
it a durability option for concrete bridges.

Sand Lightweight Concrete For Prestressed Concrete Girders in Three Washington State Bridges
Reid W. Castrodale, PhD, PE and David D. Chapman, PE

2016 PCI-FHWA National Bridge Conference

Covers three projects constructed in Washington State that used high-strength sand lightweight
concrete for precast/prestressed concrete girders. Material property data was collected and
presented along with reasons why high-strength sand lightweight concrete was used.

Bridge Preservation

David A. Tomley, PE and Andrea Moore

Presentation given at PCl Gulf South Transportation Committee meeting with MDOT, Jackson
MS, November 6, 2019

Highlighted the benefits to implementing bridge preservation strategies backed by a financial
analysis to justify future and/or initial expenditures. Bridge preservation strategies can lead to
reduced annual bridge costs and/or reduced bridge funding requirements/backlog. Other topics
of corrosion mitigation, abrasion resistance, service-life, life-cycle planning/analysis/costs,
bridge maintenance, bridge repairs, and new bridge construction were covered.

Mississippi Department of Transportation Public Accountability Transportation Hub (PATH)
https://path.mdot.ms.gov/

Website that provides an interactive visual analysis of historical and current conditions of roads
and bridges throughout the state of Mississippi.

AASHTO LRFD Bridge Design Specifications

Section 2.5.2-Serviceability & Section 2.5.2.1-Durability & Section 2.5.2.1.1-Materials including
Commentary C2.5.2.1.1
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The intent of this Article is to recognize the
significance of corrosion and deterioration of structural
materials to the long-term performance of a bridge.
Other provisions regarding durability can be found In

Article 5.12.

Other than the deterioration of the concrete deck
itself, the single most prevalent bridge maintenance
problem is the disintegration of beam ends, bearings,
pedestals, piers, and abutments due to percolation of
waterborne road salts through the deck joints.
Experience appears to indicate that a structurally
continuous deck provides the best protection for
components below the deck. The potential consequences
of the use of road salts on structures with unfilled steel
decks and unprestressed wood decks should be taken
into account.

These Spedifications permit the use of discontinuous
decks in the absence of substantial use of road salts.
Transverse saw-cut relief joints in cast-in-place concrete
decks have been found to be of no practical value where
composite action is present. Economy, due to structural
continuity and the absence of expansion joints, will
usually favor the application of continuous decks,
regardless of location,

Section 2.5.2.3-Maintainability

2.5.2.3—Maintainability

Structural systems whose maintenance is expected to
be difficult should be avoided. Where the climatic and/or
traffic environment is such that a bridge deck may need
to be replaced before the required service life, provisions
shall be shown on the contract documents for:

« a contemporary or future protective overlay,
« a future deck replacement, or
» supplemental structural resistance.

Areas around bearing seats and under deck joints
should be designed to facilitate jacking, cleaning, repair,
and replacement of bearings and joints.

Jacking points shall be indicated on the plans, and the
structure shall be designed for jacking forces specified in
Article 3.4.3. Inaccessible cavities and corners should be

avoided. Cavities that may invite human or animal
inhabitants shall either be avoided or made secure.

Section 2.6.2-Site Data

C2.5.2.3

Maintenance of traffic during replacement should be
provided either by partial width staging of replacement
or by the utilization of an adjacent parallel structure.

Measures for increasing the durability of concrete and
wood decks include epoxy coating of reinforcing bars,
post-tensioning ducts, and prestressing strands in the
deck. Microsilica and/or caldum nitrite additives in the
deck concrete, waterproofing membranes, and overlays
may be used to protect black steel. See Article
5.14.2.3.10e for additional requirements regarding
overlays.

“A site-specific data collection plan shall include consideration of:
e Collection of aerial and/or ground survey data for appropriate distances upstream and
downstream from the bridge for the main stream channel and its floodplain;
e Estimation of roughness elements for the stream and the floodplain within the reach of

the stream under study;

Page 2 of 215

Appendix Page 29



Sampling of streambed material to a depth sufficient to ascertain material

characteristics for scour analysis;
Subsurface borings;

Factors affective water stages, including high water from streams, reservoirs, detention
basins, tides, and flood control structures and operating procedures;

Existing studies and reports, including those conducted in accordance with the
provisions of the National Flood Insurance Program or other flood control programs;
Available historical information on the behavior of the steam and the performance of
the structure during past floods, including observed scour, bank erosion, and structural

damage due to debris or ice flows; and

Possible geomorphic changes in channel flow.

Section 5.12-Durability

5.12—~DURABILITY
5.12.1—General

Concrete structures shall be designed to provide
protection of the reinforcing and prestressing  steel
against corrosion throughout the life of the structure.

Special requirements that may be needed to provide
durability shall be indicated in the contract documents.
Portions of the structure shall be identified where:

e  Air-entrainment of the concrete is required,

e Epoxy-coated or galvanized reinforcement is

required,
e Special concrete additives are required,

e The concrete is expected to be exposed to salt water
or to sulfate soils or water, and

o Special curing procedures are required.

Protective measures for durability shall satisfy the
requirements specified in Article 2.5.2.1,
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C5.12.1

Design considerations for durability include
concrete quality, protective coatings, minimum cover,
distribution and size of reinforcement, details, and crack
widths. Further guidance can be found in ACI
Committee Report 222 (ACI, 1987) and Posten et al.
(1987).

The principal aim of these Specifications, with
regard to durability 1s the prevention of corrosion of the
reinforcing steel. There are provisions in AASHTO
LRFD Bridge Construction Specifications for air-
entrainment of concrete and some special construction
procedures for concrete exposed to sulfates or salt water.
For unusual conditions, the contract documents should
augment the provisions for durability,

The critical factors contributing to the durability of
concrete structures are:

e  Adequate cover over reinforcement,

« Nonreactive aggregate-cement combinations,
¢ Thorough consolidation of concrete,

e Adequate cement content,

¢ Low W/C ratio, and

e Thorough curing, preferably with water.

The use of air-entrainment is generaily recommended
when 20 or more cycles of freezing and thawing per year
are expected at the Jocation and exposure. Decks and rails
are most vulnerable, whereas buried footings are seldom
damaged by frecze-thaw action.

Sulfate soils or water, sometimes called alkali,
contain high levels of sulfates of sodium, potassium,
calcium, or magnesia. Salt water, water soluble sulfate
in soil above 0.1 percent or sulfates in water above
150 ppm  justify uwse of the special construction
procedures called for in AASHTO LRFD Bridge
Construction Specifications. These include avoidance of
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5.12.2—Alkali-Silica Reactive Agpregates

The provisions of AASHTO LRFD  Bridge
Consiricction Specifications Article 8.3.4 shall apply.

5.12.3—Concrete Cover

Cover for unprotected prestressing and reinforcing
steel shall not be less than that specified in Table 5.12.3-1
gnd modified for BYC ratio, unless otherwise specified
either herein or in Article 5.12.4,

Concrete cover and placing tolergnces shall be
shown in the contract documents,

Cover for pretensioned prestressing  strand,
anchorage hardware, and mechanical connections Tor
reinforcing bars or post-tensioned prestressing strands
shill be the same as for reinforcing steel.

Cover for metal ducts for post-tensioned tendons
shall not be less than:

*  That specified for main reinforcing steel,
*  One-half the diameter of the duct, or
#  That specified in Table 5,12.3-1.

For decks exposed to tire studs or chain wear,
additional cover shall be used to compensate for the
cxpected loss in depth due to abrasion, as specified in
Article 2.5.2.4,

Modification factors for W/C ratio shall be the
following:

¢ For WC=040......coocvee SR ————— 0.8
8 For B0 2050 .c.iiiiiciicciceice e cisnccssensane L2

Minimum cover to main bars, including bars
protected by epoxy coating, shall be 1.0 in.

Cover to ties and stirrups may be 0.5 in. less than
the values specified in Table 5.12.3-1 for main bars but
shall pot be less than 1.0 in.

construction joints between the levels of low water and
the upper limit of wave action. For sulfate contents
above 0.2 percent in soil or 1,500 ppm in water, special
concrete mixes may be justified. Further guidance may
be found in ACI 201 or the Concrete Manua! (1981

C5.12.3

The concrete cover modification factor used in
conjunction  with  Table 5123-1 recognizes the
decreased permeability resulting from a lower BIC ratio.

Minimum cover is necessary for durability and
prevention of splitting due to bond stresses and to
provide for placing tolerance.
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Table 5.12.3-1—Caover for Unprotected Main
Relnforcing Steel (in.)

Situation Cover {in.
Direct exposure to salt water 4.0
Cast against carth 3.0
Coastal 3.0
Exposure to deicing salts 2.5
Deck surfaces subject to tire stud or 25
chain wear
Exterior other than above 2.0
Interior other than above
« UptoNo. 11 bar 1.5
« No. 14 and No. 18 bars 2.0
Bottom of cast-in-place slabs
e UptoNo. 11 bar 1.0
e No. 14 and No. I8 bars 2.0
Precast soffit form panels 0.8
Precast reinforced piles
* Noncorrosive environments 2.0
* Corrosive environments 3.0
Precast prestressed piles 2.0
Cast-in-place piles
¢ Noncorrosive environments 2.0
e (Corrosive environments
- General 3.0
- Protected 3.0
* Shells 20
e Auger-cast, tremie concrete, or 3.0
slurry construction
5.12.4—Protective Coatings

Protection against chloride-induced corrosion may
be provided by epoxy coating or galvanizing of
reinforcing steel, post-tensioning duct, and anchorage
hardware and by epoxy coating of prestressing strand.
Cover to epoxy-coated steel may be as shown for
interior exposure in Table 5.12.3-1.

5.12.5—Protection for Prestressing Tendons

Ducts for internal post-tensioned tendons, designed
to provide bonded resistance, shall be grouted after
stressing, Other tendons shall be permanently protected
against corrosion and the details of protection shall be
indicated in the contract documents,

C5.124

Specifications for acceptable epoxy coatings are
included in the materials section of AASHTO LRFD
Bridge Construction Specifications.

C5.12.5

In certain cases, such as the ticing together of
longitudinal precast elements by transverse post-
tensioning, the integrity of the structure does not depend
on the bonded resistance of the tendons, but rather on
the confinement provided by the prestressing elements.
The unbonded tendons can be more readily inspected
and replaced, one at a time, if so required.

External tendons have been successfully protected
by cement grout in polyethylene or metal tubing.
Tendons have also been protected by heavy grease or
other anticorrosion medium where future replacement is
envisioned. Tendon anchorage regions should be
protected by encapsulation or other effective means.
This s critical in unbonded tendons because any failure
of the anchorage can release the entire tendon.
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Section 5.14.2.3.10e-Overlays

5.14.2.3. 10e—0Overlays

Overlays shall be considered for all bridge decks exposed to freeze thaw cycles
and application of deicing chemicals. The governing authority should consider
providing additional protection against penetration of chlorides. For all types of
segmental bridges (precast and cast-in-place), it is recommended that this
additional protection be provided by the addition of a minimum of 1.5 in. of
concrete cover, added as an overlay or alternatively a waterproof membrane with
bituminous overlay. The governing authority may require specific materials and
placement techniques stipulated by local practices.

C5.14.2.3.10e

Overlays are encouraged instead of the inclusion of additional monolithic
concrete because an overlay will add protection at the critical segment joint.
Delamination of overlays is generally due to poor installation practices or material
selection and can be resolved. It is not recommended that the additional cover
be obtained by merely increasing concrete covers. The added cover will not add
protection across the segment joint which is the area of most concern due to the
ability of the water to migrate to the tendon and reinforcement.

Careful attention to detail is required when using overlays to assure the proper
railing heights are obtained. All railings next to deck areas to be overlayed should
be detailed from the top of the overlay.

The need to remove and replace the overlay can be based on measurement of
chloride penetration into the overlay. Use of high performance concrete is an
effective means of minimizing chloride penetration into concrete.

Bridges located in other corrosive environments, such as coastal bridges over
salt water, should be evaluated for the need for additional protection.

6. Best Practices for Estimating Camber of Bulb T and Florida Girders, April 1, 2019
David A. Tomley, P.E., MSCE
Mississippi Department of Transportation State Study No. 288 (FHWA/MDOT-RD-19-288)
MDOT has experienced under-camber prestressed concrete girders recently on several projects
that have led to construction delays and/or increased construction costs. The need to address
current practices for estimating beam camber were addressed through; literature search, survey
of other State DOT current practices, historic material and beam camber data provided by the
Mississippi Concrete Girder Manufacturers, and camber estimate calculations for items that
influence beam camber. The research findings included improvements to; better understanding
of beam camber, material property versus strength expectation, ride smoothness, increased
Industry awareness, advancing MDOT'’s current practices, enhancing MDOT'’s database of
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historic material and beam camber information, reducing design and/or functional modifications
to MDOT projects, minimizing added project and infrastructure costs, and reducing delays
during construction.
Best Practices for Estimating Camber of Bulb T and Florida Girders Technical Brief, April 2019
Mississippi Department of Transportation Bridge Safety Inspection Policy and Procedure Manual
Chapter 3-Bridge Inspection File (Records)
3.1 Purpose of Bridge Records
“As bridge inspection files are updated, the existing information is archived and retained to
establish a history for each bridge. Each district shall maintain a complete, accurate, and up-to-
date record for each bridge under their jurisdiction. These records are needed to:

e Document the condition and functionality of infrastructure, including the need and

justification for bridge restrictions, for public safety.
e Document improvements and maintenance repairs performed.

All bridge records, at a minimum, should meet the requirements of Section 2.1 of the
AASHTO MBE, which states the following,

Bridge Onwners shonld maintain a complete, aceurate and corrent record of cach bridge
under their junsdiction, Complete information, in peed wsable form, 1= vital (o the elfective
meanagement of bridges. Furthermore, such information provides a record that may be
tmpsertant for repoir, rehabilitation, or replocement.

A bridge record containg the cumulative infarmation about an individual bodge, Tt showld
provide a full history of the structure, including details of any damage and all strengthening
und repairs made 1o the bridge. The bridge recond should report dota on the capacity of the
structure, including the computations substantiating reduced load limits, if applicable.

A hridge file describes all of the bridges under the jurisdiction of the Bridge Owner. It
contains one bridge record For each bridge and other general information which applies 1o
mere than one bridge.

3.2 Components of Bridge Records
18. Repair plans
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Figure 4 - MDOT Bridge Intranet Site

4.1 MDOT Load Rating and Posting Policy

“For each load rating analysis, a summary sheet, full documentation of the load rating
computations, and any supporting information shall be provided and maintained in the bridge
record for the life of the structure”.

9. U.S. Department of Transportation Federal Highway Administration Recording and Coding Guide
for the Structure Inventory and Appraisal of the Nation’s Bridges, Report No. FHWA-PD-96-001,
December 1995.

10. AASHTO, The Manual for Bridge Evaluation, Third Edition 2018
Section 2: Bridge Files (Records)

2.2.1—Plans
2.2 1. 1—Construction Plans
Each bridge record should include one full-size or

clear and readable reduced-size set of all drawings used
to construct or repair the bridge.
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2.2.1.2—Shop and Working Drawings

Each bridge record should include one set of all shop
and working drawings epproved for the construction or
repair of the bridge.

2.2.1.3—As-Built Drawings

Each bridge record should include one set of final
drawings showing the “as-built” condition of the bridge,
complete with signature of the individual responsible for
recording the as-built conditions.

2.2.2—Specifications

Each bridge record should contain one complete
copy of the technical specifications under which the
bridge was built. Where a general technical specification
was used, only the special technical provisions need be
incorporated in the bridge record. The edition and date of
the general technical specification should be noted in the
bridge record.

2.2.3—Correspondence

Include all pertinent letters, memoranda, notices of
project completion, daily logs during construction,
telephone memos, and all other related information
directly concemning the bridge in chronological order in
the bridge record.

2.2.4—Photographs

Each bridge record should contain at least two
photographs, one showing a top view of the roadway
across and onc a side clevation view of the bridge. Other
photos necessary to show major defects or other
imponrtant features, such as utilities on the bridge, should
also be included.

2.2.5—Materials and Tests
2.2.5.1—Material Certification

All pertinent certificates for the type, grade, and
quality of materials incorporated in the construction of
the bridge, such as steel mill certificates, concrete
delivery slips, and other Manufacturers’ certifications,
should be included in the bridge record. Material
certifications should be retained in accordance with the
policies of the Bridge Owner and the applicable statute of
limitations.

2.2.5.2—Material Test Data

Reports of nondestructive and laboratory tests of

materials incorporated in the bridge, during construction
or subsequently, should be included in the bridge record.
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2.2.6—Maintenance and Repair History

Each bridge record should include a chronological
record documenting the maintenance and repairs that
have occurred since the initial construction of the bridge.
Include details such as date, description of project,
contractor, cost, contract number, and related data for in-
house projects.

2.2.7—Coating History

Each bridge record should document the surface
protective coatings used, including surface preparation,
application methods, dry-film thickness and types of
paint, concrete and timber sealants, and other protective
membranes.

2.2.8—Accident Records

Details of accident or damage occurrences, including
date, description of accident, member damage and
repairs, and investigative reports should be included in
the bridge record,

2.2.9—Posting

Each bridge record should include a summary of all
posting actions taken for the bndge, including load
capacity calculations, date of posting, and description of
signing used.

2.2.10—Permit Loads
A record of the most significant special single-trip
permits issued for use of the bridge along with supporting

documentation and computations should be included in
the bridge record.

2.2.11—Flood Data
For those structures over waterways, a chronological
history of major flooding events, including high-water

marks at the bridge site and scour activity, should be
included in the bridge record where available.
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2.2.12—Traffic Data

Each bridge record should include the frequency and
type of vehicles using the bridge and their historical
variations, when available, Average Daily Traffic (ADT)
and Average Daily Truck Traffic (ADTT) are two
important parameters in fatigue life and safe load
capacity determination that should be routinely
monitored for each bridge and each traffic lane on the
bridge. Weights of vehicles using the bridge, if available,
should also be included in the bridge record.

2.2.13—Inspection History

Each bnidge record should include a chronological
record of the date and type of all inspections performed
on the bridge. The original of the report for each
inspection should be included in the bndge record. When
available, scour, seismic, and fatigue evaluation studies;
fracture-critical information; deck evalvations; and
corrosion studies should be part of the bridge record.

2.2.14—Inspection Requirements

To assist in planning and conducting the field
inspection of the bridge, a list of specialized tools and
equipment as well as descriptions of unique bridge
details or features requiring non-routine inspection
procedures or access should be provided. Special
requirements to ensure the safety of the inspection
personnel, the public, or both should be noted, including
a traffic management plan.

2.2.15—Structure Inventory and Appraisal Sheets
The bridge record should include a chronological
record of Inventory and Appraisal Sheets used by the
Bridge Owner. A sample Structure Inventory and
Appraisal Sheet is shown in Appendix A4.1.
2.2.16—Inventories and Inspections
The bridge record should include reports and results
of all inventories and bndge inspections, such as
construction and repair inspections.
2.2.17—Rating Records

The bridge record should include a complete record
of the determinations of the bridge’s load-carrying

capacity.
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2.4.2—Revised Inspection Data

The bridge record should reflect the information in
the current bridge inspection report. The date that the
field investigation was made should be noted. All work
that has been done to the bridge since the last inspection
should be listed. When mainténance or improvement
work has altered the dimensions of the structure, the
channel, or both, the new dimensions should be recorded.

2.5—CONDITION AND LOAD RATING DATA

2.5.1—General

This data defines the overall condition and load
capacity of the bridge and is based on the Inventory and
Inspection data. Article 4.13 provides guidance om data
collection requirements for load rating. As a minimum,
the following information should be included:

|. Bridge Condition Rating. Document the bridge
condition inspection results, including observed
conditions  and  recommended maintenance
operations or restrictions regarding the deck,
superstructure, substructure, and, if applicable,
channel.

2. Lood Rating. A record should be kept of the
calculations to determine the safe load capacity of a
bridge and, where necessary, the load limits for
posting. A peneral statement of the results of the
analysis with note of which members were found to
be weak, and any other modifying factors that were
assumed in the analysis, should be given, See
Section 6 for the load rating procedures.

2.5.2—Revised Condition and Load Rating Data

When maintenance or improvement work or change
in strength of members or dead load has altered the
condition or capacity of the structure, the szafe load
capacity should be recalculated.

2.6—LOCAL REQUIREMENTS

Bridge Owners may have unigue requirements for
collecting and recording bridge data mandated by local
conditions, legislative actions, or both. These
requirements should be considered in establishing the
database and updating procedures for the bridge file.

f D~ —— - ———
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Section 3: Bridge Management Systems
3.1-—INTRODUCTION

Transportation agencies must balance limited
resources against increasing bridge needs of an aging
highway system. The best action for each bridge,
considered alone, is not necessanly the best action for the
bridge system when faced with funding constraints. The
best action to take on a bridge cannot be determined
without first determining the implications from a system-
wide perspective. Bridge engineers, administrators, and
public officials have acknowledged the need for new
analytical methods and procedures to assess the current
and future conditions of bridges and to determine the best
possible allocation of funds within a system of bridges
among various types of bridge maintenance, repair,
rehabilitation, and replacement choices. The advent of
Bridge Management Systems (BMS) is a response to this
need,

Bridge Management Systems require the data and
results from condition evaluation. The aim of this Section
is to provide an overview of BMS and discuss their
essential features.

32—OBJECTIVES OF BRIDGE MANAGEMENT
SYSTEMS

The goal of BMS is to determine and implement an
infrastructure preservation and improvement strategy that
best integrates capital and maintenance activities so as o
maximize the net benefit to society. BMS helps engineers
and decision-makers determine the best action to take on
long- and short-term capital improvement and
maintenance programs in the face of fiscal constraints, It
enebles the optimum or near-optimum use of funding by
enabling decision-makers to understand the essential
trade-offs concerning large numbers of bridges. It also
provides essential information to help transportation
agencies enhance safety, extend the service life of
bridges, and serve commerce and the motoring public.

3.3—COMPONENTS OF A BRIDGE MANAGEMENT
SYSTEM

In any BMS there are three main components:

e Database
e Data Analysis
e Decision Support
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3.3.1—Database

A BMS requires a comprehensive database or a
system of databases that is capable of supperting the
various analyses involved in bridge management. There
are three major types of data required by a BMS:

1. bridge inventory, condition, and rating data;
2. cost data; and
3. preservation and improvement activity data,

Much of this data 15 not available m the National
Bridge Inventory (NBI). The essential data elements for
BMS include many NBI data items, but also other
information, especially more detailed inventory and
condition data on the elements of each structure. Many
states obtain additional data through expanded inspection
programs to supplement data for bridge management

purposes.

33.1.1—Commonly  Recognized  Structural
Elements (CoRe)

NBI ratings provide a general idea of the overall
condition of each major component of a bridge, but
provide no details on the type of deficiencies that may be
present or their extent. BMS analyses require more
detailed condition assessment of a bridge according to its
constituent elements. Projecting overall condition of
bridge components such as deck, superstructure, and
substructure is useful, but it is not sufficiently detailed to
adequately project deterioration. More detailed condition
data on elements of each component must be gathered to
model deterioration at the element level.

To meet the data needs of BMS, an element level
condition assessment system was developed that tracks
not only the severity of the problem but also its extent.
The clement level data collection, though originally
developed for Pontis®, is not considered unique to
Pontis®, AASHTO and FHWA have defined a group of
Commonly Recognized (CoRe) structural elements that
are common to bridges nationwide. The CoRe elements
provide a uniform basis for detailed element level data
collection for any Bridge Management System and for
sharing of data among states. A bridge is divided into
individual elements or sections of the bridge that are
comprised of the same material and can be expected to
deteriorate in the same manner. Element descriptions
consider material composition and, where applicable, the
presence of protective systems. The condition of each
element is reported according to a condition state, which
is a quantitative measure of deterioration. The condition
states are defined in engineering terms and based on a
scale from one to five for most elements. The CoRe
element definitions are supplemented in some cases with
a “Smart Flag” to provide additional information about
the condition of an element,
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3.3.2—Data Analysis

The purpose of data analysis is to enable better
strategies to allocate and use limited resources in an
optimum way. The best decision is the one that
minimizes costs over the long run while providing the
desired level of service. Because decisions made today on
bridge maintenance or improvement affect the condition
of the bridge system in the future, BMS include
mechanisms for predicting the future effects of today's
decisions. Two major prediction tools that are important
for BMS operation are bridge deterioration models and
bridge-related cost models. The deterioration and cost
models feed engineering and economic data into the
optimization module, where these inputs, along with
additional budget and policy data, are analyzed to yield a
selection of projects for maximum economic benefit.

Data analysis is composed of three main
components:

e Condition data analysis
e (Cost data analysis

e  Optimization
3.3.2.1—Condition Data Analysis

Long-term planning requires highway agencies to
make decisions that are cost-effective over the long run.
Assessing future needs based on current condition data is
an essential component of BMS data analysis. Element
level deterioration models of various formulations have
been developed to serve as condition prediction tools.

Deterioration models in most BMS project the future
condition of structural and other key elements and the
overall condition of each type of bridge, both with and
without intervening actions. Deterioration models can be
used to estimate the service life of new bridges, the
remainmg life of in-service bridges, and the extension in
service life due to rehabilitation or other maintenance
activities.

Deterioration models use several cycles of condition
data to identify trends, then extrapolate the trends to
predict how an element will deteriorate over time. A
minimum of three or four cycles of inspection data is
required to develop deterioration models. As an
alternative, a highway agency can survey an expenenced
group of engincers and bridge inspectors and form
deterioration models based on expert opinion.
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Successful prediction of bridge deterioration depends
upon identifying all factors that have a major influence
on the elements’ condition over time. Element type and
material, current condition, age, maintenance history, and
environment are examples of the major factors that affect
deterioration, Other factors may be prevalent for certain
element types or in certain geographic locations. For
example, traffic volume and the presence of de-icing salts
are known to influence deck deterioration rates. Once the
major factors are identified, relevant data can then be
collected to form a database for building reliable
detenioration models,

3.3.2.2—Cost Data Analysis

To manage the infrastructure cfficiently, the cost
implications of alternative actions have to be known and
considered. Costs to be considered include the direct and
indirect costs that will be incurred by the agency and the
user. Costs incurred by the public may make up most of
the total costs.

3.3.2.2.1—Agency Costs

The cost to a highway agency for a bridge is seldom
a one-time cost; rather, it is a Jong-term, multi-year
investment of a series of expenditures for maintenance,
rehabilitation, and replacement. Therefore, bridge
management should take a long-term view of the
economic life of a bridge, reflecting the highway
agency's long-term responsibility. Life-cycle costs are
normally defined as the sum of future agency costs that
occur over a specified period in which each cost has been
discounted to its present value. In BMS, life-cycle costs
address maintenance, repair, and rehabilitation (MR&R),
and improvement costs. Life-cycle costs should be
comparable from one structure to another, If life-cycle
costs are calculated over an expected life that varies with
each type of structure, it is convenient to convert life-
cycle costs to equivalent uniform annual costs,

3.3.2.2.2—User Costs

Optimization approaches to BMS recognize that
maintenance, repair, and rehabilitation actions &re a
response to deterioration while improvements such as
widening and strengthening respond to user demands.
The choice of MR&R actions should be predicated on
minimization of agency life-cycle costs while
improvements should be based on the benefit to road
users of eliminating bridge deficiencies, These benefits
include reductions in travel time, accidents, and motor
vehicle operating costs that result mainly from reducing
load and clearance restrictions.
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Consideration of user costs is essential in BMS if
functional deficiencies are to be eliminated. If agency
costs alone are considered, the alternatives would tend to
favor maintenance only to extend life until permanent
closure. Two types of costs are incurred by users because
of functional deficiencies of a bridge: accident costs and
detour costs. Bridges having narrow deck width, low
vertical clearance, or poor alignment have a higher
occurrence of accidents than bridges without these
deficiencies. Bridges with low vertical clearance or
insufficient load capacity will force a certain volume of
truck traffic to be detoured to siternate routes, resulting in
increased vehicle operating costs.

3.3.2.3—Optimization

Optimization has become the preferred method for
bridge network management. The purpose of
optimization at the network level is to select a set of
bridge projects in such a way that the total benefit
derived from the implementation of the selected projects
is maximized (agency and user costs are minimized). The
ability to establish project priorities and optimally
allocate limited funds over a predefined planning
horizon, both short- and long-run, is a fundamental part
of BMS software.

The system should consider both constrained and
unconstrained budget cases. If unlimited budgets are
available, it is possible to determine the optimum period
in which selected altematives should be scheduled.
Where adequate funding is not available to maintain a
desired level-of-service, the BMS calculates the
economic consequences of a lower level-of-service and
provides an objective means of setting priorities for
bridges so that the impact on agency and user costs is
minimized. When a project has to be delayed, the BMS is
capable of using the deterioration models and cost
models to quantify the bridge level effect, traffic growth,
and the impact on road users; and to determine the new
optimal set of actions for the bridge at a later period. By
exploring period-by-period project deferrals, multi-year
programs can be generated.

Modem optimization approaches can take several
forms. The differences in optimization approaches tend to
be in the specific techniques used and in the way that
network-level considerations are reflected in the analysis.
Two common approaches are:

I. Top-Down Approach, where network-level issues are
addressed first, then the results are used to guide
project selection and scheduling; and

2. Bottom-Up Approach, where an improved form of
the project-level analysis is automatically iterated
and adjusted until all network-lcvel concerns are
satisfied,
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3.3.3—Decision Support

The function of a BMS is to provide bridge
information and data analysis capabilitics to improve the
decision making abilities of Bridge Managers. A BMS
must never make decisions. Bridges cannot be managed
without the practical, experienced, and knowledgeable
input of the Engineer/Manager. A BMS is never used in
practice to find one best policy among the possible
choices. Instead, Managers should use the BMS as a tool
to evaluate various policy initiatives, often referred to as
“what if"" analysis. The available choices may relate to
network-level decisions or project-level decisions.

An optimization performed by a BMS is only as
valid as its underlying assumptions. A -BMS may never
have all the necessary information in its database. Often
the missing information is mostly intangibles, such as
engineering  experience, local needs, and political
considerations, A BMS may therefore build in user
adjustments at all critical decision areas.

3.4—NATIONAL BRIDGE MANAGEMENT
SYSTEMS

Research efforts initiated in North Carolina and a
few other states in the 1980s resulted in the emergence of
bridge management concepts that were further refined in
subsequent FHWA demonstration projects. In 1989,
FHWA, in conjunction with six state DOTSs, sponsored
the development of a network-level bridge management
system for use by state and local transportation officials.
The effort resulted in the development of the Pontis*
computer program. Pontis® has separate sets of models
for optimizing bridge preservation and improvement
activities, and a project programming model that
integrates  the results of the preservation and
improvement analyses. Pontis® uses a top-down
optimization approach in that it optimizes the network
needs before arriving at individual project needs. This
process is most useful for network budgeting and
programming. Recommendations for best action for each
bridge are based on network-level considerations.

In 1985 NCHRP Project 12-28 (2) was initiated. The
first phase of this project developed the modular elements
necessary for a model form of effective bridge
management at the network level. In the subsequent
phases, a microcomputer-based software package
(BRIDGIT™), meeting FHWA and AASHTO guidelines
for bridge management systems, was developed to handle
the immediate and long-term needs of highway agencies.
BRIDGIT™ uses a project-level based  optimization
strategy to provide network-level recommendations. It
recommends specific actions for each bridge, consistent
with the overall network strategy. BRIDGIT™ is useful
for all areas of bridge management, from programming
and budgeting to project selection to bridge maintenance.,

A fow states have opied to develop their own BMS.
The two U.S. national systems, Pontis® and BRIDGIT™,
have @& generic design that cam be adapted to
accommodate the individual needs of an agency.
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11. Measuring Performance Among State DOTSs, Sharing Best Practices Comparative Analysis of
Bridge Condition Final Report, NCHRP 20-24(37)E
National Cooperative Highway Research Program
Spy Pond Partners, LLC with Arora and Associates, August 2010

Executive Summary

Comparative Performance Measurement for Bridge Condition

Today’s tansportation agencies need to fnd ways to improve service and demonstrate tangible
resules for their customers while operating under increasingly tight resource constraines, Within
an agency, performance measurement provides a valuable ool for strengthening external
accountability and achicving alignment and focus around desired end results,

Comparative Fcrfnrmnncc measurement allows agencies to examine their individual
performance within a larger contexr. It modvates organizarions o pursue improvermnents by
showding them what their peers have been able to achieve. It facilitates improvement by
identifying specific practices of agencies that have achieved good results, Establishing
compatrable measures can take considerable effort, but pays off when patticipating organizations
learn from pracrices emploved by their peers to improve their own performance. Compararive
performance measurement initiatives also have the important ¢ffect of shining a spotlight on
current approaches to how performance is being measured and how results are being used.
Participating agencics have an opportunity to examine the consistency and accuracy of their
imeasurement practces, learn about differences in measurement across agencies, and work
oA ri!ﬁ a grc:m:r l'II'.‘gI.'I'.'E Hf cnmmnnalit}'.

This report presents results of the fourth in a seres of comparative performance measurement
effores sponsored by the Amerncan Association of State Highway and Transportation Officials
(AASHTO). The purpose of these efforts is to identify states that have achieved exemplary
performance, find out what practices have contributed to their success, and document these
practices for the benefit of other states, This effort focuses on biidge condition.

Contribution of This Study

This study was based on an analysis of bridge condinon data from the Natonal Bridge Inventory
(NBI) Based on the available data, it identifies stares that have achieved a high level of
performance relative to other states, with respect o recently reported (2009) bridge condidon or
with respect to improvements in hridgc condition since 19949, It presents hridgr_' management,
maintenance, design and construction pracrices thar the represenranves of these stares feel have
Euﬂtri.butl'_'d T tI'I.I'_'!iL' P’L'I'i"L}TlTIHIICL' re !il.llt!i. “Ihj]t‘ tI'I.L'SI'_' Prllcti.l:(."ﬁ are ﬂl.l'(."ﬂ.l'.:l.j' Fil.ll.']:.' "-Ul'_'u I.'CI'.'Uh"IfLi.ZL'I'.:l.
among those in the highway bridge community, linking them to performance results serves to
underscore their importance, Given the critical imporntance of bridges and the high costs of
bridge construction and preservation, this study adds an important dimension of state
department of ransportation (DOT) performance to the comparative performance
measurement seres. Highlighting these results in the context of comparative performance
information provides a compelling basis for executives o quickly identify where they stand, see
the potential for further improvement, and scan the key types of practices that can be explored
for achieving thar improvemene,

Page 20 of 215

Appendix Page 47



12. Sofware Engineering Project Management
Edited by Richard H. Thayer Foreword by Edward Yourdon
Software Quality Assurance: A Management Perspective

Robert H. Dunn

To many. quality assurance brings to mind the indus-
trial quality-control model, wherein statistical analysis
of measurements made at various production control
points are used 1o prevent out-of-tolerance operations.
To others, quality assurance means monitoring the
adequacy and timeliness of responses to customer
service complaints, Still others view guality assurance
strictly in terms of process audits.
Software quality assurance (SQA) is none of these.
It may borrow a bit from statistical quality control,
may use measurements and analysis, and may rely on
certain auditing procedures, but—except when used
si "-S0A most closely
' total quality management
{TQM). That is, the quality of software is expected to
denve from the quality of the process used to develop
or maintain software, and S0QA is largely a matter of
miuring that a good process s in place, followed, and
continuously improved. | The process, of course, in-
cludes all phases of testing, but testing is scarcely the
only interest of SQA. T
A proper process for development and mainte-
nance encompasses management methods, technol-
ogy, and persennel qualifications. Although involved
in the entire process, 304 foguses on

e

continuous  improvement of the process
through audils that atempt 10 dererming

where the process breaks down and through
analysis of measurements of the process it-

self:

m@(fﬂaﬁihle task_definitions,
wmmﬂ:aupn

Steps, early defect detection, and the like);
analysis of the product, including ilﬂ:_ul
on users; and
testing of the final product (validation of the
solubion).  —— —

Note that concemn for products is not inimical with
emphasis on process. The proof, as always, lies in the
pudding.
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SQA arose in response to specific classes of prob-
lems confronting management. [t is possible for a
programming shop to experience only one of the
classes, but two or more 15 the rule since the classes
are interrelated, They are all familiar;

*  Project out of control—uncertain progress
and status, unrcliable cost estimates, unreli-

able estimates of completion

Poor performance—frequent crashes, results
not necessarily repeatable, excessive use of
such resources as time and memory

Difficult  maintenance—software  overly
complex, operational code ne longer trace-
able to specific source code or data files and
build lists

«  Difficulty of use—customers or other users
find software does not quite match their ex-
pectations or abilities or the environment in
which the software is used

X,

We don't have 1o look far to see why these four
classes of problems are intertwined. Unreliable soft-
ware may result from premature curtailment of testing
caused by delayed progress durning earlier stages of

development. A program that runs too slowly may
result from a botched maintenance job caused by the

programmers” inability to understand the code they
modified. In tum, the confusing code may result from
a rushed design traceable to extensive delays in devel-
oping a requirements model. Customers may find a
product unusable simply because training or user
documentation didn’t quite match the final product
because of a constantly changing requirements model.

What is uncommon is to find problems in per-
formance, maintenance, or use in a product whose
development or maintenance was at all times attended
by a high degree of project control. From a philo-

sophical point of view, it would seem that project
control should be the prime concemn of S( 53': From a

praciical point of view, the thought is of litle conse-
nd SQA succesds ™

quence. i5 in the details, and SQA succee
£ emphasis on the ility of the process,
e ———
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defect prevention activities, analysis, and preparatien

and suppont for testing. Pr

ar

ect contrnl follows more
uioma ¥. Figure 1 lists the ways S04

attends to the detaj]s,

i

(5 B @

o

Making certain programming staff is adequately trained in new techniques, methods,
and tools

Evaluating the effectiveness of current development methods and tools, or providing
the information enabling such evaluation -

Ensuring that project plans—not just for development activities, but also for
configuration management, testing, and the like—are drawn as policy or standards
dictate

Using reviews, analysis tools, and tests to find defects at the earfiest possible time

Following up on library control, change control, distribution, and slorage to assure
management of compliance with plans and relevant policies and standards

Recording the detection of individual defects and following up to make certain they
are corrected, or at least dealt with in a satisfactory manner

Collecting aggregate defect data and subsequently analyzing the data to determine
fault modality and the effectiveness of detection techniques

Using the analysis of defect data to improve processes
Generating and analyzing various data for early indication of adverse trends in the
project or the evolving product

Qualifying or validating the final product

Gathering, analyzing, and evaluating feedback from users

Evaluating potential software suppliers, including tool vendors, and monitoring their
performance

Objectively evaluating the fidelity with which plans and applicable standards are
followed, and determining root causes for deviations

Making certain staff is empowered to prevent defective code, arifacts of
development, and user documentation from being entered into a software release

Figure 1. Constituents of a software quality assurance program.
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13. Asset Management Guide for Local Agency Bridges in Michigan
Michigan Transportation Asset Management Council
Prepared by TranSystems Corporation, May 2011

1.4 Definitions / Acronyms

This Guide employs a number of lerms commanly used in: the
inspection, evaluation, and maintenance of bridges; assat
management plans; capital programming and funding; resource
management; and the administration of Michigan's Local Bridge
Program. Links o references containing definitions of these
terms are provided in the right hand column, as are the comman
acronyms used in the Guide. The user is encouraged fo review
the cited references in order o better understand and implement
the principles and procedures described in the Guide.

In May 2006, AASHTO, the American Association of State
Highway Transporation Officials initiated the Transportation
System Preservation Technical Services Program (TSP-2).
The program, dedicaled to the presenvation of infrastructure
invastment was iniliated as a dearinghouse to disseminate
infarmation on enhancing the peformancs and extending the
useful life of the highway infrastructure, both pavements and
bridges, thru efficient and effective preservation measures. The
TSP2 website containg the working definition of bridge
preservation,

Bridge preservation starts with obiaining timely information on
bridge conditions; then, developing and implementing a planned
strafegy fo maintain and extend the uzeful life of the bridge
network, A preservation strategy is composad of various
preventive maintenance activibes and freatments, Appled at the
proper fime, preventive maintenance activities extend the
service life of the bridge in a cost-effective manner, The
definition of critical terms used in the managemeant of bridge
assets are discussed in Section 2.2,
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Definitions

Transportation System Presarvation
Technical Services Program (TSP-2)
bt $502.000.

Acronyms

AASHTO - Arnerican Association of State
Highway and Transportation Officials

ADT = Average Daily Traffic

ADTT - Average Daily Truck Traffic

BCFS - Bridge Condition Forecasting

System

BIR - Eridge Inspection Repart

BMS - Bridgs Management Syslem

B3IR - Bridge Safely Inspection Report

CRAM = County Road Association of
Michigan

CPM — Capital Preventive Maintenancs

FHWA — U, 5. Dept of Transporation,
Federal Highway Administration

LBAB - Local Bridge Advisory Board

LBF — Local Bridge Fund

LEP — Local Bridga Program

LTAP - Michigan Local Technical
Assistance Program

LCCA - Life Cycle Cost Anzlysis

MDOT - Michigan Department of
Transportation

MEIS - Michigan Eridge Inspection Systam

MBERS — Michigan Bridge Reporting Systam

MML - Michigan Municipal League

MTF = Michigan Transportation Fund

MPO - Metropalitan Flanning Organization

MEI - National Bridge Inventory

NEBIS - National Bridge Inspection
Standards

WCHRP - Mational Cooperative Highway
Research Program

RBC — Regicnal Bridge Councl

RSL - Remaining Sarvice Life



1.6 Role of the Michigan Transportation Asset

Management Council (TAMC)

Created by Act 499 of the Michigan Public Acts of 2002, the
TAMC's stated mission is to: aovise the State Transportation
Commission on a stalewide assel management stralegy & the
necessary procedures & analyfical tools to implement such a
strategy on Michigan's highway system in a cost-effective,
efffclent manner.

In arder to apply the principles of asset management to the
process of allocating transportation resources, TAMC developed
the following high level sirategic process which could be applied
to a varety of infrastructure types:

»  Assess current condiion
Create a ‘mix of fixes”, estimate costs and funding levels
Predict future condition, develop performance measures
and largels

+  Conduct tradeoi analysis, indentify candidate projects

= 3et Priorities, develop a multi-year program

=  Repor resulis

This Guide is intended fo assist local agencies in applying this
process to the development of a preservation plan for bridges

under their jurisdiction and o provide background material on
bridge preservafion,
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SAFETEA-LU - Safe, Accountabie,
Flaxible, and Efficient Transportation
Exquity Act Legacy for Users

&l - Struciural Improvement

&14 — Structure Inventory and Appraisal

STIP - Statewide Transportation
Improvement Program

TAMC - Michigan Transportation Asset
Management Councl

TEDF - Transportation Economic
Development Fund

TIF - Transportation Improvement Program

Th5 — Transporiation Management System

TAMC Website Link
hiltp:fim i Liih i il

cillDafault Couneil.aspx



2.0 Bridge Asset Management in Michigan JEEFAUGEEENHE

2.1 Bridge Management System

A Bridge Management System (BM3) is defined as a collection

of interacting processes designed to assist decision makers in FHWA Bridge Asset Management
the selection of cost-effective bridge preservation, rehabilitation, ; ’ —

and improvement strategies and aclions to improve the L ey
efficiency and safety of, and protect the investment in a network AASHTO Transportation Asset Management

of bridges (23 CFR 500.107) Code of Federal Regulations. Guide
httpzihww fhwa dot gowicrifacygleizsset of
Michigan has a system-wide process for transportation asset m

management of highway bridges. For local agencies this

process is administered through the local bridge program by the AASHTL Gw‘ﬂ;h‘g for Bridge
Local Brdge Advisory Board and seven Regional Councils. The W yslems
Itipsibookstore iransportafion orglitem def

Transportafion Asset Management Council supports the state's Ig—
BMS by providing technical assistance and guidance, and by

publishing annual asset management reports, communicating

infrasfructure needs, and implementing asset management

principles.

2.2 Bridge Preservation through Preventive
Maintenance

The Federal-aid to Highways Program allows States to use
Highway Bridge Program (HEP) funds to improve the condition
of highway bridges through replacement, rehabilitation, and
preservation activities identified using an approved systematic
process. Bridge preservation and prevenfive maintenance are
terms that are used interchangeably,

Bridge preservation is defined by FHWA as: Acfions or
strategies that prevent, delay, or reduce deferiaration of brdges
or bridge elements; restore the function of existing bridges; keep
brdges in good condifion; and extend their useful life,
Preservation acfions may be preventive or condition-driven,

Preventive Maintenance is recognized as a cost effective way
o preserve the investment in and service life of bridges,
AASHTO defines preventive maintenance as, A planned
sirateqy of cost-effective freatment fo an exisfing roadway
system and its appurfenances that presenves the system, retards
fiture deterioration and maintaing or improves the funclional
conadition of the system without increasing strucfural capaciy.

An effective bridge praservation program: 1) employs lang-tam
network strategies and practices that are aimed o preserse the
condition of bridges and extends their useful life; 2) has
sustained and adequate funding sources; 3) ensure that the
appropriate treatments are applied al the appropriate time.

Some agencies employ a program of scheduled maintenance
performed by in-house forces
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4.6 Michigan's Bridge Management System Michigan Bridge Management System

As one of the components of Michigan's Transportation 1 7.pdl
Management System (TMS), the MDOT run Bridge Management

Syslem (BMS) is the decision-support tool responsible for

managing the inspaction, analysis, and maintenance of the

numerous companents thal make up a bridge.

The BMS includes data on the more than 10,900 bridges in
Michigan. As such, the BMS provides complele coverage of all
bridges in Michigan, not just those for which MODOT has
responsibility, and supports the regional and local agencies
bridge asset management effarts.

Within the BMS, bridge information is organized into three
packages: Inventory - structure and route data; Inspection -
record of field examinations and findings; and Waork —
Maintenance recommendafions, Users are able to access each
of these packages to monitor or manage data on bridges and
their companents,

MDOT's BMS includes a bridge management saftwara toal
called Pontis which was developed under an FRWA confract
during e early 1990's, and became an AASHTO product in
1984, Pontis i5 a data application relying on the collecied
condition and cost data of individual bridge elements. This data
can be useful to provide assetl management at the elemeant lavel,

The system is designed to support the bridge inspection
process, recommend a bridge preservation paolicy, predict fulure
bridge conditions, and recommend actions to perform on one or
more bridges to derive the most agency and user benefit from a
specified budget, The key features of Pontis include:

»  Recording bridge inventary and inspection data

«  Scenario modeling, including deterioration prediction models

+  Warous bridge improvement options, incuding
maintenance, repair, and rehabilitation.

»  Economic models lo identify and pricritize capital
improvements

+  Development of an optimal preservation strategy
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4.10 Relating Bridge Condition and Performance to
Maintenance

Proper condition evaluation is an essential compaonent of an
aszet managemant plan for bridge presarvation, The apprognate
response in addressing recorded condition deficiencies in bridge
elements and the preventive measures taken to retard potential
future degradation is important for the overall health of the local
bridge network. A goal of preservation is to employ preventive
and responsive maintenance fo sustain the network in good
candition longer and to extend the service Iife of the bridges.

An effective way to achieve this goal is to develop a local bridge
preservation plan. A local agency goal is o maintain its bridges
al an appraisal rating of 5 or better and a load capacity that
meets the demands of the traflic using the route. 1is suggesied
that the preservation plan improves poor bridges, provides a
capital prevenfive mainienance program to maintain fair bridges
in the same condifion or better, and addresses its good bridges
through a capital scheduled maintenance program. The
combination of potential actions info an appropriate “mix of fixes”
enables the local agency to develop an optimum bridge
preservation strategy.
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9.0 Developing an Optimum Bridge

Preservation Strategy

A local agency is encouraged to prepare a bridge preservation plan
that includes a capital program designed to maximize the service life
of bridges and to achieve oplimal use of funding. The capital program
may include structural improvements as well as preventive
maintenance,

MOOT, through the REC's and LBAB's, annually reviews applications
for bridge replacements, rehabilitation and preventive maintenance
projects and evaluates the needs based on the applications
submitted by local agencies.

Once a local agency has assessed the condition of the bridges in ils
network, it must then determine the available fixes that will best
preserve the system - The Right fix in the Right Place af the Right
Time, A properly developed "mix of fixes” usually includes a
combinafion of activities - structural improvements in the form of
replacement andlor rehabilitation projects and both scheduled and
preventive maintenance programs.

Itis advisable to have both short and lang-term objectives. Long-term
objeclives address the need for sustained investment in the bridge
netwaork thru capital preventive maintenance while near term
objectives address faciliies that currently are in poor conditian,

MDOT has developed a Project Scoping Manual for state trunk line
bridges for the purpose of more accurately and uniformly scoping
projects. It serves as a valuable resource for local agencies in
determining required fixes and in preparing their presanvation plans.

5.1 Types of Potential Fixes
Many types of ines are available (o the local agency. The fixes
described in the following seclions are ganerally based on those
actions delineated on the lists in MDOT's Local Bridge Program.
5.1.1 Structural Improvement
Structural Improvement includes any activity that presenves or
improves the structural integrity of a bridge. These activilies may
be replacement or rehabilitation,
Replacement - Projects involving replacement of the entire
bridge - subsfructure, superstnecture, and deck, and associated
approach work, This work is intended fo improve the condifion
for the total bridge, deck, superstructure, and for substructure

elements from “poar” to “good”

Rehabilitation - Major work required to restore the structural

Page 29 of 215

Appendix Page 56

5.0 References

Project Scoping Manual
hitto:diwwnw. michigan aewimdot0 1607 7-

151-8677 11044 11367-243045—00.him
Project Scopang Checklist

hitp. ichi

Project Scoping 120557 7 pdf

TR Maws (pp 26-30) - Michigan's Bridge
Presarvalion Program

e — ;
newsi2 pdf

LTAP ~ The Bnidge - Bridge Replacemant

by Agency Work Farce

2008bridge 21 & web,pdf



integrity of a bridge as well as work necessary to correct major
safety defects. This work is infended to improve ratings from
“poor” or “fair to “gocd” Some typical rehabilitation projects
inchude:

#  Full deck replacement (wilth or without painting of stesl
beams)

Superstructure replacemant
Structure widening

Demolition of existing bridge
Superstruciure repairs

Bridge barrier replacement
Extensive substructure repairs
Steal repairs

Caoncrefe beam end repairs
Geometric upgrades

5.1.2 Preventive Maintenance

Preventive Maintenance encompasses bath routine scheduled
maintenance and capital preventive maintenance,

Routine Scheduled Maintenance is a regularly scheduled activity
that maintains serviceability and reduces the rate of deteroration
of struciural elements. In many instances, local agency forces
are able to perfarm some ar all of this work.

Capital Preventive Maintenance is a scheduled work activity that
restores element integrity and supparts seniceability, This work
is intended fo address the needs of elements rated “fair”,
Examples of preventive maintenance include;

Fainting only (full, zane, or spat painting)

Fin and hanger replacement

Superstructure washing

Yegetation control

Drainage system clean-out and repair

Expansion or construction joint repair or replacemant
Concrefe sealing

Minor concrets patching and repair

Concrefe crack sealing

Approach pavement relief joints

Slope paving repair

Drainage system repair (bridge deck drains and bridge
approach downspouts)

Scour countermeasuras

HiMA overlay (with or without membrane)

Deep or shallow deck overlay

Epoxy overlay

Temparary supports

Guardrail beam installation or retrofit

Page 30 of 215

Appendix Page 57

MDOT Capital Scheduled Mantenance
Manual

hitp: ichi

CSM Manualdd 89342 7 pdl

MDOT Deck Evaluation Matrix
o wenw rbchiga n.govidocurmentsimdob
DOT BriggeDeckMatrix 182438 7.pdf

ABSHTO Canter for Environrmental
Excallence — Bridge Maintenance - Best
Praclices
MWW ) i \ il
ndwmimanual’T 1.aspx



5.1.3 Bridge Maintenance Technical Guidance

Capital scheduled maintenance activiies maintain the ewxisting
serviceability, and reduce deterioration rates on bridges. CEM
work activities sustain the current bridge condition longer,
whether the current condition is good, fair, or poor, MDOT's
Capital Scheduted Mainfenance Manual (link provided in Section
3.1.2) provides a thorough description of various preventive
maintenance actions.

5.2 Cost Estimating

MOOT Capital Scheduled Mamtanance Cost
Estimate Workbook
thwsnw. michigan aowim 1B07.7-

MDOT's Capital Scheduled Maintenance Cost Esfimats
Warkbook contains unit prices for various preventive

maintenance actions. These values can be used to estimate the 1510625 24768 24773 00 himl
cost of allernative maintenance or rehabilitation actions and ta
evaluate relative costs in determining the oplimum program in MDOT Bridge Repair Cost Estimata
{he preparation of a bridge asset managemant plan, Worksheet
hitto:liwww. michinan.cowimdot/d, 1607, 7-

The MDOT Bridge Repair Cost Estimate Worksheet also 151-0635 24768 24772-~ 00 him

ravides useful guidance for estimating cost in scoping projects.
P 9 9 ping prel Bridge Life Cycle Cost Analysis
5.2 1 Deterioration Models h J'.fnnllne ubs.trb.orgfonlinepubsin ne

The objective of a bridge asset management plan is 1o
determine the oplimal preservation decisions in the curreni year
and in future years based on the consequences of allermnalive
actions on the future condition of the system using the datain
MDOT's BMS.

Bridge deterioration models are an essential component of the
bridge management syslem, and express a relationship betwesn
condition and time by predicting the future condition of the bridge
components based on selected actions or inactions.

Bridge deterioration models use condition rating as the measure
of bridge performance. Deteriaration models predict the
deterioration process as a decay of condition ratings over time,
and are built based on expert opinion and inspection histary.

5.2.2 Costing Deferred Maintenance

There are two companants to consider when evaluating the cost
of deferred maintenance. The first is the increased costs due to
greater deterioration of the bridge or component and the need to
perform more extensive repairs in the future. This must be
compared to the benefit of using the available funding for another
project within that time period.
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Deterigration models can serve as a basis for determining the
cost of deferring specific maintenance or repair aclions. As the
models establish a relationship between condition and time, the
user can predict the future condition of a brdge element based on
its current condition, and in this way determine the future
increased repair work and associated cost resulting from deferral.

The benefits of a project can include safety, reduced agency or
user costs, elimination of traffic congestion, reduction of travel
time, better geometrics, improved surface rideability, and
operational improvements by addition of traffic confrol devices,.

Deferring work is not a recommended strategy if the cost of
deferral exceeds the benefits of the alternate project. As the
difference becomes greater, the work becomes more urgent. This
ype of compansan and its resulls are factored into the
prigritization decision procass through the life cycle cost analysis
module of a BMS.

5.2.3 In-House Costs vs. Contract Costs

Scheduled maintenance work and preventive maintenance work
can be performed by either in-house maintenance crews or by
contract Most local agencies use a combination of the two.

An estimate of the cost of work to be performed by in-house
crews should consider: both supervisory and crew labor
expenses, including wages, benefits, and other payroll burdens;
materials and supplies; equipment operating costs for owned
equipment; equipment rental costs, as needed; and adminisirative
costs. The local agency should keep a record of all maintenance
work performed by in-house crews in the bridge file for future
reference.

Wark done by contract with private sector firms generally imvolves
projects foo large or ioo specialized fo be done by inshouse
crews, Estimates of work fo be performed by coniract may be
based on the unit price guide contained in MDOT's Capital
Scheduled Maintenance Cosf Esfimate Wonkbook. The local
agency's cost of contract administration and project support
should be added o the astimated contract cosl.

In its analysis the local agency should consider the potential cosl
benefits of collaborating with other agencies fo combine
resources and share the costs of work to be performed in-house
or by contract.

The final estimated costs are used in the development of the
prioritization plan within the bridge asset management plan.
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5.2.4 Life Cycle Cost Analysis

The cost of a bridge is nof a cne-time expense. A bridge
represents a long term, muli-year investment. After its initial
planning, design. and construction, over its lifetime a bridge
requires maintenance, repair, rehabilitation, and, ultimately,
replacement.

The time period between construction and replacement is the
service life of a bridge. The actions and events that influence the
condition of the bridge during its service life comprise the life
cycle. Bridge owners develop a bridge management strategy by
making decisions about bridge materals, design, construction,
maintenance, and repairs basad on their expectations of costs
and results.

Life Cycle Cost Analysis (LCCA) is a computational process faor
comparing initial and future costs to arrive at the most economical
strateqy for ensuring that the bridge will provide its intended
service for its expecied service life. LCCA is essentially a method
for considering the economic efficiency of vanous alternate
expenditures.

2.3 Concept of a Mix of Fixes

In its asset management plan, TAMC has adapted the philosophy
of “The Right Fix in the Right Place at the Right Time". This
philosophy espouses a program of developing a mix of fixes that
results in the optimum use of preservation funds.

By comparing maintenance, repair, and rehabilitation needs for
each bridge, the cost of implementing varous preservation
actions or deferring wark can be compared with the cast of
completely replacing a bridge. Replacement of a bridge may be
warranted if replacement is the most cost-effective means (o
salisfy the existing structural or funclional needs. Allermatively, if
the physical condition of the bridge has deteriorated to a point
where the bridge is considered unsafe, bridge replacement may
be determined to be the only feasible alternative.

A Bridge Preventive Maintenance Strateqy developed by the
Greater Buffalo-Miagara Regional Transporiztion Council for its
bridges s accessible thru the referenced link.

TRE Mational Cooperative Highway
Ressarch Program (NCHRF) Report 483;
Bﬂdﬂﬂ Ll'h-l‘.?wfﬂ E-‘I:-ﬁl' MAI].-'&fs _

MOOT Assat Management Gusde for Local
Agemlas In Mldugm

MOOT Strategec Investment Plan for Trunk
lirt EIHdn!s

Bridges 339657 7. pdf

Bridge Preventive Maintenance Strateqy
Grealer Buffalo-Miagara Reqional
Transporiation Coundcil

it fwanw gbnre crafesdminiconientipdfl
BPMS%20 ocal % 20Bndaes 20
“n20FINAL (Approved) w2lReportJan07 pdf

5.4 Developing a Local Bridge Preservation Plan
Developing and implementing a local bridge preservation plan is a
reans of extending the useful service life of the agency's bridges
and for using available funds more effectivaly.

The benefits of a preservation plan to a local agency include:
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= an identfication and understanding of the condition of
the bridges in the network;

= adefined program of rehabilitation, replacement, and
prevantive mainlenance designed lo restore the
functionality of degraded bridge elements,

= aprogram of regular maintenance to impede
deterioration of sound bridges;

« dedicaled local resources and an increased apporunily
lo ablain additional funding;

= optimal use of all available resources.

The preservation plan should address similar items as described
for a systematic plan in Section 2.3.1. Some of the items
suggested for inclusion in a local agency preservation plan
include:

s (Gnal - a statement of the agency’s purpose, descrbing
future expectad outcomes, Goals provide programmatic
direction and focus an ends rather than maans.

o Objectives —clear, specific, measurable, and time-limited
statemnents of action which, when completed, will move
lowards achieving the goal.

= Performance Measures - the metrics by which the
anancy will evaluate the effectiveness of the plan

« Bridge Assels - a summary of the number, type, and
condition state of the bridges in the network;

s Condition Analysis — an overall assessment of the
current state of the bridge population;

= Risk Management — a recognition of the risks inherent in
degraded bridges and a program to address them;

« Preservation Strategy - the overall actions to be taken
by the agency to address preservalion;

s  Prionfization — agency's methodelogy used to rank
projects for funding

* Implementation - how the agency will executs the plan;

= Cost Estimate — an annual review and updating of the
actions programmed in the plan;

= Operations and Maintenance Plan - the annual activities
scheduled in a five year program;

s  Five Year Annual Cost Projection — a year-by-year,
project-by-project schedule of cosls,

= [Funding Sources - a year-by-year source and allocation
of funds for tha five year program,

A sample plan for a local bridge owner following this format is
discussed in Section 5.4.3. below.
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Preservation Plan for Genesee
County Local Bridges

__——
-8

BR 2726 Coldwater Road%over C&0 Railroad

May 2011

l ,IWICHIGAN TRANSPORTATION

ASSET MANAGEMENT COUNCIL

—
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Bridge Assels:

Genesee County is responsible for 121 local bridges — 120 highway bridges and 1 railroad
bridge. Detailed inventory data, condition ratings, and propoesed preventive maintenance actions
for each bridge are contained in the tables in Appendices A-1, A-2, and A-3. The bridge
inventory data was obtained from the MDOT TMS System and the 2010 Condition data and
maintenance actions are taken from the Inspector Summary Report Appendix B,

A summary and distribution of the bridge population is presented in the following table:

Number of Bridges 2010 Condition
Bridge Type Total SDIQ.:? :)“1;;;: Pfjt [::;s Poor Fair Good
Concrete
Slabs 3 2 | -- -- -- 3 --
Tee Beams a0 11 3 -- -- 7 22 |
Box Beams ] -- - -- -- - ] -
Arches | -- - -- .- -- - l
Culverts 3 -- | -- -- .- 2 3
Steel
Multi-Girder 34 21 4 11 - 20 13 I
Multi-Crirder [ Composite 5 -- -- -- -- .- 3 --
Culverts 12 -- 2 -- -- -- 9 3
Prestressed Concrete
Multi Girder 22 4 1 I == 2 4 16
Box Beam | -- -- -- -- -- “- |
Mult Girder / Composite 3 -- | -- -- -- -- 3
Timber
Stringers 4 - - -- -- - 4 -
Total SD/FO/PSTD 3R 14 12
Tuotal 121 29 6.3 29
Percentage (%) 314 11.6 24.0 52.0 24.0

Preservation Strategy:

JCRCs preservation plan employs a balanced “Mix of Fixes™ strategy made up of Replacement,
Rehabilitation (R&R), Preventive Maintenance, and Scheduled Maimntenance. The aim of this
plan 15 to address the structures of critical concern by targeting poor rated elements, and 1o
improve the overall condition of the bridge network to good or fair condition.

Replacement involves substantial changes to the existing structure, such as bridge deck
replacement, superstructure replacement, or complete structure replacement, and is
intended to improve critical or closed bridges to a good condition rating.

Rehabilitation is undertaken to extend the service life of existing bridges. The work will
restore deficient bridges to a condition of structural or functional adequacy, and may
nclude upgrading geometrie features. Rehabilitation actions are intended to improve the
poor or fair condition bridges to fair or good condition.
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Preventive Maintenance work will improve and extend the serviee life of far bnidges, and
will be performed with the understanding that future rehabilitation or replacement
projects will contain appropriate safety and geometric enhancements. Preventive
Maintenance projects are directed at limited bridge elements that are rated in fair
condition with the intent of improving these elements to a good rating, Most preventive
maintenance projects will be one-time actions in response to a condition state need.
Routine preventive work will be performed by the County’s in-house maintenance crews,
while the larger more complex work will be contracted.

The replacement, rehabilitation, and preventive maintenance projects are generally
eligible for funding under the local bridge program and will be submitied with GCRCs
annual apphications.

GCRCs Scheduled Maintenance program is an integral part of the Preservation Plan, and
is intended to extend the service life of fair and good structures by preserving the bridges
in their current condition for a longer period of time. Scheduled maintenance is proactive
and not necessarily condition driven. In-house maintenance crews will perform much of
this work.

The “Mix of Fixes” strategy combines long-term reconstruction or replacement fixes, medium-
term rehabilitation fixes, and shorl-lerm preventive mamtenance lixes with a regular program of
scheduled maintenance. Implementing this balanced muxture, as described m the Operations and
Maintenance Plan below, will increase the number of bridges improved each vear and preserve
the overall health of GCRC’s bridge network.

Implementation of the Strategy:

GCRC's implementation of the preservation plan strategy begins with an annual review of the
current condition of each of the County’s bridges using the MBI inspection data contained on the
MDOT Bridge Safety Inspection Report and the inspecior’s work recommendations contained on
MDOT s Bridee Inspection Report. The inspection inventory and condition data are consolidated
in spreadsheet format for GCRC's bridges in Appendix A-1. Preventive maintenance needs are
determined for each bridge and the corresponding actions are identified and assembled on a
spreadsheet, sorted by bridge material and type in Appendix A-2. Inspection follow-up actions
are tabulated in Appendix A-3,

The preservation actions are selected in accordance with criteria contained in the table below,
These criteria are based on MDOT s Project Scoping Manual, which is intended 1o address
MDOT s trunk line bridges. GCRC has modified the selection eriteria slightly te better address
its local bridge network.
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Preservation . . . . Expected
Action Bridge Selection Criteria Service Life
Replacement

MBI Rating of 3 or less, or when cost of rehabilitation exceeds

Total Replacement | cost of replacement, or when bridge is scour critical with no 70 yrs
countermeasures available
Superstructure MBI Rating for Superstructure of 4 or less, or when cost of
. — : . H) yrs
Replacement rehabilitating superstructure & deck exceeds replacement cost.
Deck Replacement Use puidelines in MDOT s Bridee Deck Preservation Matviv,
31 Rati "4 or less fi surface : C \
Epoxy Coated Stecl NBI Rating of 4 or less for df:r:k xurtcu:leland {!en.k I:mrtg:ln or 70 yrs
_ when deck replacement cost 15 competitive with rehabalitation.
Black Steel 40 yrs
Substructure NEI Iﬁ.a ing of 4 o1 I_c~m for abptmcmu piEts, or pier cap, or
there is existence of open vertical cracks, signs of differential
Replacement _ _ . P . 40 yrs
. . settlement, or presence of active movement, or bridge is scour
(Full or Partial) . . .
critical with no countermeasures available.
Rehabilitation
Concrete Deck Guidelines in MDOT s Bridge Deck Preservation Mairix
Overlays
Deep | MBI Deck Rating = 5 for surface and = 5 for bottom 25 yrs
Shallow | NBI Deck Rating < 5 for surface and = 4 for botiom 12 vrs
HMA / Membrane | NBI Deck Rating < 5 for surface and = 4 for bottom g }:r\_
HMA Cap | NBI Deck Rating < 5 for surface and < 4 for bottom 3 }T;

Railing Retrofit /
Replacement

NBI Deck Rating greater than 5, Railing / Barrier rated less
than 3, or Safety Improvement is needed

Steel Beam Repanrs

When more than 25% section loss is present in an area of the
beam that affects load carrying capacity, or o correct impact
damage that impairs beam strength.

Prestressed
Concrete Beam
Repairs

Repair ends of prestressed I-beams when more that 5%
spalling 1s present, or repair areas to correct impact damage
that impairs beam strength or exposes prestressing strands,

Repair / Replace
Culvert

MBI Rating of 4 or less for culvert or drainage outlet structure,
or there is existence of open vertical cracks, signs of
deformation, movement, or differental settlement.

Repair / Replace
Retaining Wall

NBI Rating of 4 or less for retaining wall, or there is existence
ol open vertical cracks, signs of differental settlement, or
presence of active movement.
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Pin and Hanger
Beplacement

MBI Rating for elements is 4 or lower, Presence of excessive
section loss, severe pack rust, or out-of-plane distortion,

Substructure
Concrete Patching
and Repair

MBI Rating for abutments or piers 15 5 or 4 and less than 3004
of the surface is spalled and delaminated, or in response to
Inspector’s work recommendation for substructure patching

Preventive Mainten

ance

Repair / Replace
Deck Joint

Include when domng deep or shallow overlays, or when NBI
Rating for joint is 4 or lower, or when joint is leaking heavily.

Repair / Replace
Steel Bearing

MBI Rating for girders and deck is 5 or higher and rating for
bearings is 4 or lower.

MBI Rating for paint condition 15 3 or lower, o it response (o

Complete Painting . _ L 13 yrs
= | Inspector’s work recommendation for complete painting
MBI Rating for paint condition is 5 or 4, or less than 15% of
Zone Painting existing paint area has failed and remainder of paint system is 10 yrs
in good or fair condition,
NBI Rating of 3 or less for deck surface and deck bottom.
HMA Overlay Cap | .. = ° o . . .
) Femporary holdover to improve rideability for a bridge in the 3 vrs
without Membrane - .
3 wear plan for rehab / replacement,
Concrete Deck Deck Surface Rating of 5, 6, or 7 with minor delamination an 5 vrs
Patching spalling, or in response 1o Inspector’s work recommendation 0
Channel Removal of vegetation, debris, or sediment from channel and
. banks to improve channel Now, or in response to Inspector’s
Improvements .
work recommendation.
Scour Structure 15 categonzed as scour eritical and 15 not scheduled
. for replacement. MBI comments in abutment and pier ratings
Countermeasures . - . =
indicate presence of scour holes,
Scheduled Maintenance
When salt contaminated dirt and debris collected on
Superstrugture superstructure 15 causing corrosion or detenoration by 3 vrs
Washing trapping moisture, or in response to Inspector’s work o
recommendation.
When vegetation traps moisture on structural elements or is
Vegetation Control | growing from joints or cracks, or in response to Inspector’s | yr

work recommendation for brush cut,
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When vegetation, debris, or sediment accumulates on the

Debris Removal stirugeture or in the channel or in response to inspector’s work [ yr
recommendation.

Drainage System When drainage system 15 clogged with debnis, or drainage .

/ : . - £ YIS

Clean-Cut/ Repair | elements are broken, deteriorated, or damaged.

. . For zinc based paint systems only, in response to Inspector’s

Spot Painting ’ PAITT SYSIEMS 0T pons Spe 5 vyrs
work recommendation. y

. . Concrete is in good or fair condition, and cracks extend to the

Seal Concrete ) . = o . i . .
depth of the reinforcement, or in response to Inspector’s work 5 vrs

Cracks / Joints

recomimendation

Repair / Replace
HMA Surface

HMA surface is in poor condition or in response to Inspector’s
work recommendation.

Seal HMA Cracks /
Tnints

HMA surface is in good or Tair condition, and cracks extend to
the surface of the underlying slab or sub course, or in response
Lo Inspector’s work recommendation

Minor Concrete
Patching

Eepair minor delaminations and spalling, or in response o
Inspector’s work recommendation,

Timber Repairs

MBI Rating of 4 or less for timber members, or to repair
extensive rot, checking, or insect infestation,

Repair / Replace
Giuard Rail

Guard rail missing or damaged, or Safety Improvement is
needed.

Bepave Approaches

HMA 15 it poor condition of in response 1o Inspector’s work
recommendation,

Bepair Slopes

NBI Rating is 5 or lower, or when slope is degraded or
sloughed, or slope paving has significant arcas ol distress,
failure, or has settled.

Install Riprap

To protect surfaces when erosion threatens the stability of side
slopes or channel banks,

Miscellaneous
Bopairs

Uncategonzed Repairs in response 1o Inspector’s work
recommendations.

Cost Estimate:

GURC computes the estimated cost of each typical preservation action using unit prices in the
latest Bridge Repair Cost Estimate spreadsheet contamned in MDOT s Local Bridge Program Call
for Projects. The cost of items of varying complexity, such as maintenance of traffic, staged
construction, scour countermeasures, ete., are computed on a bridge-by-bridge basis. The cost
estimates are reviewed and updated annually.
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Operations and Maintenance Plan — Annual Activities / 10 Year Program:

A primary objective of GCRC's preservation plan is improvement of the 29 bridges rated poor
i4) or lower o a rating of Gar (5) or higher within 10 years thru a program of replacement,
rehabilitation, and preventive maintenance actions. The work has been prioritized considering
each individual bridge's needs, its importance, present cost of improvements, and impact {cost
increase due to increased degradation) of deferral, The 5 year program incorporates
comprehensive annual scheduled maintenance activities designed to preserve bridges currently
rated Tair (5) or higher with the objective of extending their useful service life, The bridge-by-
bridge Maintenance Plan is presented in Appendix A-2.

Project Prioritization Criteria

Genesee County uses a prioritization formula that evaluates five factors and weights them as
follows: condition — 30%: load capacity — 25%: traffic — 20%; safety — 15%: and detour — 10%.
There are several components within each Tactor that are used to arrive an its score, Each project
under consideration is scored and 1ts total s¢ore is then compared with other proposed projects 1o
establish a priority order.

Five Year Annual Cost Projection:

Preservation

.. 2011 2012 2013 2014 2015 2016 Total
Activity

Replacement

Bridge 2710 [ 75000000

Bridge 2723 | OHC) OO

Subtotal | 750,000 | 1,000,000 1,750,000

Bridge 2716 a6 D00

Bridge 2804 470,000

Bridge 2774 440,000

Subtotal 130,000 ) 440,000 L570,000

Bridge 2709 420,000

Bridge 2761 570,000

Bridge 2803 385,000

Subtotal 1,375,004 1,375,000

Rehahilitation

Bridge 2798 3BT, 500

Bridge 2717 & 10000

Bridge 2765 260,000

Bridee 2815 1]

Subtotal (a) ART.S00 | 1L,070,000 1,457,500
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Preventive Maintenance

Bridge 2737 240,000
Bridge 2756 260, 000
Bridge 2728 350,000
Bridee 2706 (@)
Bridee 2742 ]
Bridge 2749 {a)
Bridge 2766 (a)
Bridee 2770 (@)
Bridge 2772 (a)
Bridge 2780 (a)
Bridge 2786 (@)
Bridee 2807 ]
Bridee 2817 ED]
Subtotal 4. 000, 04 S00.000 1 350,000 4,850,000
Scheduled Maintenanece — Program using local in-house forces
Annual Total | 750,000 | 5.000,000 | 387.500 | 2.700.000 ] 2,165,000 11,002,500

(a) Estimate in progress. Total cost for these bridges will be $4,000.000.

Identily Funding Sources:

Projects lor the replacement of bridges 2710 and 2723, and the rehabalitation of 2798 have been

programmed and funded. The GCRC applied for MDOT local aid funding in 2011 for the
replacement of bridges 2737 and 2736 in the 2014 program vear. Other replacement and

rehabilitation projects will be submitted for funding in subsequent program years. The preventive

maintenance projects shown for 2002 will be funded through a County appropriation of
54,000,000 for bridge preservation. Projects submitted to the local aid program that are not

selected for funding will be added to the County program. The scheduled maintenance and minor

repairs will be performed by the County’s in-house maintenance forces and funded thru the

County's annual operating budget,
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Genesee County Road Commission
2010 Bridge Inspection Report
Executive Summary

General Recommendations

A significant number of the County's structures are coded as scour critical,  The County should
implement action plans and work 1o make improvements fo remove structures from the scour
critical list as other improvements are made to the structures.

Several structuras have gravel and other debris building up on the shoulders. The County should
pericdically remove debris and vegetation as it can restrict drainage from the structure,

Previous inspections were limited by weather, with inspectors indicating various components were
not accessible to due snow and ice. It is recommended that the County work to perform the 2012
inspection cycle several months ahead of schedule (September or October) to provide better
weather conditions for inspection.

Many of the County's structures have deck drains that are either coverad by HMA or plugged with
debris. The County should perodically remove debris from drains to keep them functioning as
intended. Extensions should be added to those structures that have not already been addressed.

Argentine Township

2703

2734

Silver Lake Road over Lobdell Lake Dam

Constructed: 1529 Reconstructed: MN/A General Condition: Fair
Description: This structure is integral with the dam, spanning both the main dam and spillway.
The main span is concrete tee beams and the spillway span appears to be solid slab. The
structure has HMA wearing surface and concrete balustrade railings with a retrofit guardrail on one
side.

Recommendations: The configuration of this structure prevenis access to a majority of the
structure, A special inspection is recommended, potentially in conjunction with the dam inspection,
to access the structure. Install retrofit railings. Repair sink hole around casting in surface.  Add
riprap to mitigate slope erosion.  Mill and resurface structure and approaches. Falch concrete
railing.

Duffield Road aver the Shiawassee Rivar

Constructed: 2010 Reconstructed: MN/A General Condition: Mew
Description: This is a single span side-by-side concrete box beam bridge with concrete deck and
integrated the previous abuiments.

Recommendations: The structure was under construction at the time of routing inspection. An
initial inspection and load rating are recommended upon completion of construction,
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14. Washington State Department of Transportation
Map-21 & Bridges, WSDOT establishes MAP-21 bridge performance targets

WSDOT establishes MAP-21 bridge performance targets

The Federal Highway Adrminsiration (FHWA) published in the Federal
Register (52 FA 5886 a final rule establishing performance measures for
State Departments of Transportation (DOTS) to wse in managing pavemant
and brigge perlormance on the Mational Highway Systam (MHS). The
Mational Performance Management Measures; Assessing Pavernent
Candition for the National Highway Performance Program and Bridoe
Conditicn for the National Highway Perfarmance Pragram Final Rule
addresses requirements established by the Moving Ahead for Progress in
the 21st Century Act (MAP-21) and rellects passage of the Fixing America’s
Surface Transportation (FAST) Act. The rule was effective May 20, 2017

Targets established May 20, 2018

WSDOT has been proactive in warking with MPOs and local agenciss with
regard to the implementation of federal pavement perfarmance measures for
the NHE. Colaborative affarts 10 astallish tangets by May 20, 2018, included
mesetings with all MPO directors and WSDOT reprasentatives; responsible for
helping make policy, process, data and advizary farget setting declsions as
wiel a3 in-deplh discussions between subgect maller experts; responsibie lor
patter understanding final fedaral rule requirsments and their implications.

FHWA has et the upper limit for the percentage of all MHS bridges
classified in poor condition at 10%. Based on analysis and past
trends, 10% is the recommended target. The FHWA did not sef a
limit for the percentage of NHS bridges classified &5 being in good
candition; it ks recornmended (o aeopt a target ol 30% basad on &
tharough review of current bridge conditions (ses chart below).

MAP-21 performance measures by program area

The condition of individual bridge elements (deck, superstructurs,
substructure), and cubeerts {which are measured separately), are
ratad using & classification method from th Mational Bridge Inventory
(MBI} anad the Highway Bridge Fragram. This classification method
assigns the elements and culverts condition ratings ranging from 1

ta 8 where 7 or greater = good; 5-6 = fair; and 4 of 1858 = poor

For MAF-21 and continued in the FAST A, bridges in good condition

hawe all three elements (deck, superstructure, substructure) rated as 7 or
hikghary; bridpes in fair condition meet tha minimum threshokd of 5 or highes;
and poor bridges have any of the elements rated as 4 or lower {see p. 2).

The percentage of the iotal NHS bridge deck area for each classification
fgood, fair, poor) is calculated as the ratio of the total deck area of NHS
bridges in & classification to the total deck area of NHS bridges in the

state. The bridge deck candition of a shoulder on a bridge is included in the
erarall condiion ratng; it is not tracked or rated Tor acive ransportaton
use separate from the overall bridge deck condition. Sidewalk elements

are defined and condfion rated but these data are not reparted here,

A sanarate ranuirement determined by FHWA 5 that the percent of NHS
bridges in poor condition cannot excesd 10%. This performance criterian
is & specil requirement mandated by Congress, and is the only bridge
perfarmance measure hat results in & funding penaltly if it is sol mel, The
penalty requires the State to obligate a specified parcentage of its Mational
Highway Parfarmance Program [MHPF) funds to comact tha NHS bridgs
conditiens untd the minimum threshold is met (zee p. 4 for mone deails).

23 CFR Part 490 10 Nao, 2125-AF53

Bridges (FMZ)
Percent of MHS bridges classified in poor condition (weighted by deck areay

Percent of NHE bridaes classified in good condition (weighted by deck area)

2-year 4-year
Corrent data  target' target' Penalty
TB% 10% 0% Yias
32.8% 0% W M

Miitias: Fediral e alaws st and MPOS 1o &fust Tour-year Eraets &ring 1he mid-perfonmance proarass neport, 1 Tvss ywar and Hur sar tangets for PME ara dus Octaber 1, 2020, and

Oclober 1, 20%2

Page 44 of 215

Appendix Page 71



Bridge data collection for MAP-21 -~

WSDNT Iz required to repart data to FHWA anmually on the condition,
functignal adequacy and essentiality for the public for all bridges
statewide. The bridge data determines suificiency ratings and if & bridge
is structurally deficiant andfor functionally obsolete. The same bridgpes
that are rated for W2DOT's condition rating are also ratad in the federal
systam, i addtion to local agency awned bridges across the state.

The good, falr, and poar classification of bridges an the NHS utllizes

fata elemants fram the ME| database. State DOTs measure and

clas=ify a mumber of standard featwes for bridges (such as condition

and geomedric information} in their jurisdiction, which thay are requirad

ta repart to FHWA on an annual basis. These requirements include bridges”
pit-ramps connecting 1o the MHS,

Penalties

In crder to avoid a penalty, statas must meat this minimum condition
leved: Mational Highway System (MHS) bridges not to exceed 10 pescent
structurally deficient, by deck area

It a state doas not maet the minirmem condition for three consecutive years,
a funding penalty wil apply during the follewing fiscal year and each year
theraatter until it is in compliance. The state must obligate and sat aside an
amaunt to 50 percent of the apportionment for the Highway Bridge Program
In fizcal wear 2009, frar the NHFP apportionment, anly far projects an NHS
bridges.

Covibeasfor e werking & WEDIOT iy e procass o sahaoddig & rew b an
Shade Mol 162 Acvoas Me Puiaiyp Sivar Sridgs & Fiarce Damb.

For more information

State bridge condition information: DaWayne Wilson, WSDOT Bridge
Mananemant Engineer, at (360) 705-7214 or WilsonDEwarot wa oo,
Local bridge condition information: Roman Peralta, WSDOT Local
Programes Bridge Engineer, at (360) 705-7870 or Paralif@vesoolwa gov,

Available Data

m  Bridpe condition assessment of the Mational Highway System's
Matignal Bridge Inventary item ratings of bridpe deck, superstruciune,
substructure, andior cuterts for all federally reportable state and
local bridges|'

Motas: Data is available for county and city levels and can be provided by tha
MPO boundaries. 1 Brigge condition data for tribally-owned and federaly-owned
bridges is provided 1o WSDOT by the bridge owner

What is the current distribution of funds?
WSDOT is planning to pravide appraxmataly $130 million annsaly over

the next 10 years for bridge presesvation, which improves the condition of
britkges through replacement, rehabilitation and praventive mainkenance.
This comes from feeral and staba revenue sources, and the specific amount
e year for bridge preservation is determined based on an assessment

of nead and available funding through assat managament analysas,

Purpose of reporting requirements

In July 2012, the Maoving Ahead for Progress in the 21st Century Act
{MAP-21) bacame law. Inclebad in the [ was & Declaration

ol Palicy: “Performanca managamant will fransfarm the

Federal-aid highway program and provide a means 1o the most
afficlent irmestment of Federal transportation funds -, .°

The primary objectives of MAP-21 are to increasa the Transparency and
accouniability of states for ther imvestment of federal taxpayer

dollars into transportation infrastructure and services natiomide,

and to ensure thal stales imest maney in transportation progcts that
collectively make progress toward the achievement of national poals.
Thie new rules will require reparting performance on the fallowing
areas: Safety; Pavement and Bridge; System Performance/'Congestion;
Freaght, and Congestian Mitigation and Alr Quality (CMAC).

Prior to MAP-21, there wara no explicit ragunaments to
demanstrate how transportation programs supported national
performance autcaomes. But many state DOTs, like WSDOT, have
engaged in voluntary accountability and reporting efforts.

Americans with Disabilities Act (ADA) Informationz This matenal can be made malase
in an altamate format by emailing the 'WSOOT Diversity' AL Affairs team at wedntada@wsdol.
wa oy of by callng toll fres, 855- 3622004232, Parsors who am deaf or hand of hearing
may make a request by caling the Washinglon Stete Aelay at 711

Title ¥ Stelement te Pubdic: It is the ‘Washinglon State Dapariment of Transportation’s
(WSDOT} policy 1o assure that no person shal, on the grounds of race, color, national origin
of =%, a5 prowdad by Tide W of the Ciil Rights Act of 1464, b excuded from paricipaton
in, be denied the banefits of, o be othersise disciminated against undar ary of Rs fedarally
funded programs and activities. Any parson whe believes hisdher Title V1 protaction has been
violated, may fil: a complaint with WSDOT's Office of Equal Opportunity (OEQ). For additional
informaten regarding Tide Wi compiaint precedunas andor infenmation regarding cur non-
discrimination obligatons, please contact 0BG s Tise W Goordinglor at (3600 705-7082.
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15. Washington State Department of Transportation
Bridge & structures preservation (taken from WSDOT’s website)

Bridge & structures preservation

We help preseryve and maintain bridge and structures across the stabe using a Bridge Asset Marsgems=nt Plan to focus on achisving the greatest metum
through available iInvestments.

Qur bidge asset managemasnt goals are Gased on the falkowing bridge presorvation categories, lsbed from highest to loswsest precrity, Onkical tems in esch
category ane prioritized to develop a 2 and & year plan based on available furding

. Border bridges

. Bridge Scaur repairs

. Bridge repairs

Stoel Bridge painting

5. Concrete Bridge deck repair and cverlay
&. Beplacement or rehabliltation of bridges
7. SEigmic Ralrohil

faoda b

Eridge Praservation Program

2015 Bridge Needs Lists (by Regian)
# Easiern Hequon (adsx 24 kb

& Morth Central (xlsx 19 kb)

= Morthreest (x5 97 kh)

= Olympes {alsx 51 kb

= Seuth Cantral [xlex 40 kb

» Southrwest (xlsx 47 kbj

If you have any questicons of comments, please conkact
DaWayna Wilken
SE0-T05-T214
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16. Sky’s The Limit-Implementing UAV applications at the Michigan DOT
Colin Brooks, Richard Dobson, and David Banach
Roads & Bridges/April 2019

» BACKIN THE SEPTEMBER 2015
ISSUE, ROADS & BRIDGES EXAMINED
THE USE OF UNMANNED AERIAL
VEHICLES (UAVS, UNMANNED
AERIAL SYSTEMS [UAS] OR
“DRONES”) IN VARIOUS DOTS
ACROSS THE U.S.

One agency of interest was the
Michigan DOT (MDOT). MDOT began to
use UAS for bridge inspections, confined
space inspections and traffic monitoring.
Steve Cook, P.E., engineer of opera-
tions and maintenance at MDOT, had
been working with Colin Brooks of the
Michigan Tech Research Institute (MTRI)
to determine how these tools could
most effectively be used. With the rapid
advancements in UAS rules, technology
and sensors, MDOT and MTRI have
continued to investigate even further how
these platforms and sensors can be imple-
mented into department procedures.

STORING AND VIEWING DATA

Several different types of data transfer
sites were investigated and tested during
the course of the project to find a solution
to quickly upload, provide access for,

and distribute the UAS-collected data to
multiple MDOT users. A final cloud-storage
software setup was selected to allow
Michigan Tech and MDOT to collaborate
and transfer files easily. The system also
allowed MDOT to directly upload the data
from the cloud into its own databases.

The advantages of this solution Included a
unique credentlal (ID/password) for each
user, a full audit trail and a data backup
mechanism stored within the secure cloud.
System managers also could quickly
identify any changes to the files or the
cloud performed by the users,
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17. Modeling Bridge Deterioration with Markov Chains
ASCE Library, Journal of Transportation Engineering/Volume 118 Issue 6-November 1992
Mark A. Cesare, Carlos Santamarina, Carl Turkstra, and Erik H. Vanmarcke

Abstract

This paper describes methods for determining and utilizing Markov chains in the
evaluation of highway bridge deterioration. Using a data base of 850 bridges in New
York State, Markovian transition matrices (MTM) are first found for the overall
bridge condition. Then, transition matrices are developed for the condition rating of
individual bridge components (e.g., superstructures, decks, and piers). In each case,
chains are determined for various types of construction. Also discussed is the
modeling of correlated elements such as the primary structure and joint condition and
the ability to determine the correlation for a set of data. The consequence of small data
bases is discussed, and an explanation is offered for unexpected values of the
transition probabilities. Finally examined is the use of Markovian analysis for
predicting the evolution of the average condition rating of a set of bridges, and
expected value of condition rating for a single bridge. Markov transition matrices are
introduced to model the effects of repairs and to determine repair policies that will
lead to constant average condition rating.

18. Proposed AASHTO Manual for the Maintenance of Roadways and Bridges
NCHRP 20-07/Task 380

BACKGROUND: The AASHTO Maintenance Manual: The Maintenance and Management of Roadways and Bridges was published in 2001. This manual was
intended to assist persons early in their career in roadway and bridge maintenance in understanding the various processes, methods, and materials that are
applied to maintain the bridge and highway system effectively. This manual was later updated and published in 2007 as the AASHTO Maintenance Manual for
Roadways and Bridges. In view of the changes in the state of practice of highway and bridge system maintenance, the implications of reduced budgets and

work force, and the benefits of implementing research findings, there is a need to produce a new edition of the manual that recognizes these issues.

OBJECTIVE: The objective of this research was to develop a proposed Manual for the Maintenance of Roadways and Bridges. This Manual is intended for

adoption/publication by AASHTO (i.e., to supersede the 2007 edition of the AASHTO Maintenance Manual for Roadways and Bridges).

STATUS: Research completed; final report has been provided to the AASHTO Committee on Maintenance for review/adoption as a new edition of the

AASHTO Manual for the Maintenance of Roadways and Bridges.
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19. Bridge Management and Inspection Data: Leveraging the Data and Identifying the Gaps
TRB Transportation Research Circular 498
Kristen L. Sanford, Pannapa Herabat, and Sue McNeil

Data used to support bridge management vary from agency to agency. Collection of these
data is time consuming and expensive. Therefore, as bridges continue to age and agencies
are under increasing pressure due to limited resources, there is a great need to ensure that
data collection is rational. This paper reviews the gaps between what data are actually
collected and what is required, and the opportunities to leverage existing data collection
efforts. The gaps and opportunities are explored in three areas. First, the role of bridge
management data as inputs to analysis tools such as rating programs is explored. Second,
detailed safety inspection data are rarely included in bridge management programs, but
again they are a critical input for rating and analysis tools. Finally, the inclusion of results
from rating and analysis tools in bridge management systems is the exception rather than
the rule. The paper also describes the need for a new approach to data collection in terms
of these gaps and the existing data. To decide what information should be included in the
bridge management system, the paper then describes some tools that are used to evaluate
the data needs of an organization and the value derived from additional information.
These tools are applied to the case of load rating data.

As inspection data collection and recording practices have evolved rather than
been designed, there are significant gaps between the actual data collected and the data
required. There are also opportunities to leverage resources by using existing data. The
remainder of this paper explores the gaps and opportunities in three areas. First, the role
of bridge management data as inputs to analysis tools such as rating programs is
explored. These data are a critical input to the selection of a particular tool and include
some of the basic parameters that describe a particular bridge. Second, detailed safety
inspection data are rarely included in bridge management programs, but again they are a
critical input for rating and analysis tools. Finally, the inclusion of the results of rating
and analysis in bridge management systems is the exception rather than the rule, but these
results determine the use of the bridge (for example, when a bridge load limit is posted)
and the need for improvement.

Filling the Gaps and Leveraging the Opportunities to Use Existing Data
The following sections describe three approaches that address these issues. The first
explores the data needed to select a load rating tool and presents a prototype decision

support system. The second addresses the role of safety inspection data, specifically NDE

data, in bridge management. The third focuses on tools for redesigning the data collection
Process.
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REDESIGNING THE DATA COLLECTION PROCESS

Data collection procedures and guidelines have evolved over time as regulations have
been issued and management practices have emerged. While most agencies have a
bridge management system, there are a variety of systems in use, which often differ in
structure and data needs. Even agencies using the same management system may use
different quantities and types of data in running the system. The NBI was developed to
determine the status of the nation’s bridges and the magnitude of the funding needs, and
il requires that a total of three ratings be reported—one each for the superstructure,
deck, and substructure. The NBI does not provide information about the severity and
extent of deterioration of a particular bridge or a strategy for meeting future needs (34).
Pontis, on the other hand, requires that condition states be reported for each element of
the bridge. That is. a condition rating is reported for each beam, column, girder, etc.
While Pontis is the most widely used of the bridge management systems, there are many
others at both the national level (e.g. Bridgit) and the state level (e.g. Pennsylvania’s
in-house BMS). States are now faced with collecting data for the NBI and for their
chosen BMS as well as any additional data used, and researchers have been working 1o
provide a translation between the various rating scales to reduce the data collection
effort required (39, 4(1) .

Data flow diagrams allow the decision-making process to be structured in terms of
the person or people making the decisions, the decisions themselves, and the information
inputs and outputs for those decisions. Figure 3 shows a schematic of the partitions of a
data flow diagram. The data low diagrams allow layered structuring. In other words, the
nodes of a diagram representing a high-level process can be exploded to sub-diagrams,
each of which describes the process in greater detail.

and the data required for applying an analysis tool are drawn from a variety of sources.
The Need for Rating Data

There are multiple uses for rating data in the bridge management process, although the
data are not necessarily collected and stored in the bridge management system. One of
the issues in using a particular bridge analysis tool 18 whether the user has access to the
data needed. Other issues, as described by Herabat (24), include the access of the user to
the tool and the familiarity with the tool. As discussed previously, rating data are
important because of the implications for bridge usage and the potential for preventing
catastrophic failure.

The Value of Rating Data

Rating data have the potential to provide tremendous value to the bridge management
process by minimizing life cycle costs. For example, rating data may allow an agency to
prevent overloading, thereby extending the life of the facility. Figure 6 is an influence
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CONCLUSIONS AND RECOMMENDATIONS

Effective and efficient data collection, storage, and access are critical for managing
bridges under constrained resources. As data collection practices have evolved in
response to regulations, new technologies, and management practices, there are gaps in
the data collection efforts, data that are collected but not recorded, and data collection
efforts that are duplicated.

Several tools are available to improve the data collection process. These include
structuring the data collection process using data flow models and using influence
diagrams to explore the value of additional information. The use of data trom BMS to
select a load rating tool demonstrated that it is possible to develop a link between BMS
and analysis tools. It is surprising to find that the proposed link required a minimum
amount of already existing BMS data to be useful in identifying the data necessary to
provide a link between BMS and rating programs.

This paper is a starting point in understanding the gaps between BMS and
analysis tools. Based on the discussion above, there is some common ground between the
two. However, practice varies from state to state. Not all states use the same types of
analysis tools. The concepts presented in this paper can be easily adapted to each state’s
specific practice.

20. Bridge Management Systems
NCHRP Report 300, Transportation Research Board, 1987
This report contains the findings of a study that was undertaken to define the
essential elements of a network-level bridge management system. The report defines
the benefits from, and basic engineering concepts for, implementation of a bridge
management system. The contents of this report will be of immediate interest and
use to administrators, managers, and engineeis with bridge responsibilities at all levels
within a transportation agency.
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About one-half of the approximately 600,000 highway bridges in the United
States were built before 1940. Most of these bridges were designed for less traffic,
smaller vehicles, slower speeds, and lighter loads than are presently found on the
highway network. In addition, even in newer bridges, deterioration caused by service
conditions and deferred maintenance is a growing problem. Nearly half of these bridges
have been classified as structurailjr deficient or functionally obsolete by the Federal
Highway Administration. The cost for rehabilitation and replacement of these bridges
has been estimated at more than $50 billion. However, only $2 to $3 billion annually
has been available to address this problem.

It is obvious that available funds will not permit total rehabilitation or replacement
of all deficient bridges. Therefore, the limited funds available must be carefully al-
located to bridges required by the public and transportation industries to provide the
most cost-effective treatment.

This report contains the findings of the first phase of NCHRP Project 12-28(2),
“Bridge Management Systems.” The overall objective of this project is to develop a
model bridge management system at the network level that can be implemented by
small to medium size transportation agencies. The system is intended to ensure the
effective use of available funds and identify the effects of various funding levels on
the bridge network.

The specific objectives of the first phase of NCHRP Project 12-28(2) were to
define the elements required for a model bridge management system (BMS) at the
network level, and to initiate its development and programming. Six major modules
were identified as the minimum required for an effective bridge management system.
These are: the BMS data base module; the network level maintenance, rehabilitation,
and replacement selection module; a maintenance module that will assign maintenance
programs in a rational and continuing way within the system; the historical data
analysis module; a project level interface module; and the reporting module. These
modules can be customized according to the transportation agency's needs, and ad-
ditional modules can be added and modified as needed.
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A second phase of the project was initiated in late 1987 with the objective of
further developing and refining the BMS model reported on here. The second phase
will result in completion of the engineering concept development for a network level
BMS, programming the system on a computer, and validation of the system and
engineering concepts with actual bridge inventory data obtained from several trans-
portation agencies. The second phase should be completed in late 1989,

Appendix C contains information on a BMS demonsiration program that was
developed as part of this project. The demonstrator shows the general concepts of
what a computerized BMS can offer. The demonstration program is contained on one
5%-in. IBM-PC compatible floppy disk formatted with IBM or MS DOS Version 3.0
or higher, double sided / double density (see Appendix C for requirements to run the
program). A copy of the demonstration program may be obtained by sending one
blank disk to the Transportation Research Board, National Cooperative Highway
Research Program, 2101 Constitution Avenue, NW, Washington, D.C. 20418.

21. Integration Research and Design of the Bridge Maintenance Management System
Zi-hong YIN, Yuan-fu LI, Jian-GUO, Yan LI
SciVerse ScienceDirect Procedia Engineering 15 (2011) 5429-5434
Abstract

Bridge maintenance quality has a direct bearing on the normal use of road function and service level.
Based on analysis of the requirements including bridge maintenance data management, bridge safety state
comprehensive evaluation, intelligent aided decision analysis and information sharing, the bridge
maintenance& management intelligent aided decision support system (BMMS) is designed. The system
structure, function module, comprehensive evaluation and intelligent aided decision-making module are
given, and BMIADSS based on intelligent decision-making management is developed. This paper
provides strong support for the full implementation of bridge maintenance and management

informatization.
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1. Introduction

The bridge management 12 to coordinate and control the whaole process about bridge. aiming at making
sure that the bridge management department can make wse of the limited resources reasonably and
provide services for the users as good as possible. The brdge mamtenance management system,
developed on the basis of the bridee stuctural engineering, mechanism of disease detection and
geographic information systems, offers economic and techmical convenience for the supervision and
maintenance of the bridge.

The bridge management 15 to coordinate and control the whale process about bridge, aiming at making
sure that the bridge management department can make wse of the limited resources reasonably and
provide services for the users as good as possible. The bridge maintenance management system,
developed on the basis of the bridge structural engineering, mechanism of disease detection and
geographic information systems, offers economic and technical convenience for the supervision and
maintenance of the bridge.

The US. Federal Highway Administration started the research on the promotion of the bridge
management svstem in 1987,

Based on the work such as database development and the detection of the classification, rating, sorting
and the service life prediction of the mamtenance operations, they developed a bridge management
system-PONTIS. Japan's Ministry of Construction published the bridge inspection manual i 1988, Cial
Engincering Institute developed the bndge maintenance management system in 1998 for the integration of
the related matenals in the periods of construction, detection as well as maintenance, and simplified data
delivery by means of Internet in the meanwhile

The research of domestic bridge maintenance management svstem dates from the late 80s of last
century. The bridge maintenance management departments of varows provinces developed the required
bridge mainienance managementi sysiems according io their own specific conditions of bridge
development. With the continuous expansion of the road network and the bridge construction scale, how
to realize the sharing of the bndge mamtenance information and its regional management 15 urgent to be
solved.

The Bridge Maintenance & Management Intelligent Added Decision Support System({BMIADSS) is a
rescarch topic based on this environment. The database of the system includes the users' database, the
information management svstem database and the intelligent aided decision system database. The
integration of the basic data information of the large-span bridges, the detection information of the manual
inspection and the healthy detection information 15 good for analyzing the reasons of the structural
diseases, finding out the defects of the components and the changes of related environment timely and
handling the technical conditions of the bridge svatematically.

2, Bridge Maintenance Management System design

Bridge Maintenance Management Svstem differs with special requirements of departments, which has
unigue requirement. Bridge Maintenance Management Svstein includes nonseparable imajor operating
modules such as bridge database management, sysicms manapement, infegrated assessment subsvaiem
management, forecasting and auxiliary decision-making subsvatem. etc. Although the modules are
mutually independent, all capable of serving the purpose of enabling connection between systems by
using the same keveode (such as the bridge number) to senes-connect or switch from each other. The
framework for svstem design is shown in Figure 1.
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2.2 Bridge Dasabase Management Subsvstem Desipn

Bridge data management subsystem 15 the system's main module which contains five major
information sub-modules--the card information on bridge sub-module, manual inspection test records,
condition monitoring records. bridge maintenance records, engineering drawings management. Each
function module should have the programming function on data maintenance (to add, modify, delete),
data gquery, statistical analvsis, data processing and application.etc.

Bridge card information consists both bridge data and bridge opening information. Bridge information
includes information on it identity and geometric properties which could be modified by lining, naming
and numbering of the brdge's basic information from the "data dictionary” of the Mamtenance
Management System. Corresponding to each bridge, each opening information such ag opening number,
structure of the upper and lower part and 50 on could be added.

Bridge opening 1= designated as the basic operation unit for manual inspection test records, condition
manitoring records, as well as maintenance records. The sub-modules of condition monitoring and manual
inspection records function maintenance operations management upon the specific components of certain
bridge opening. Frequent inspection 15 a summary based on designating a certain opening of the bridge as
the smallest operating unit to conduct a general inspection,

Engineering drawing data module iz used to manage information on bridge design drawings, Its
downloadable function enables customers of different interests to understand the bridge's designing
information.

2.3 Svwtem Management Module Desigm

System management module includes user management, privilege management, opening  type
management, data backup, data recovery and other sub-modules. Tt provides the [ollowing security
policies o secure the conservation of data from the Bridge Management System: (1) Management on
system user--tifferent types of vsers use different accounts; (2) Privilege Management--operators are
divided mnto different levels according to the system requirements, and cach level has its own software
with corresponding functions;{3ydaiabase backup and recovery--seiting scheduled backups of sysiem
databaszes, which anables the svatem to aquire the regularly backuped files for recovery in case of
unexpected occurrence. The resulis 15 shown in Figure3 4,

21 svaren database design

The collection and input of data as well as the establishment of database 15 2 crocial aspect i Bridpe
Maintenance Management System, and the guality of data acquisition has a direct impact on the overall
system  performance., therefore, database establishment must be paid muoch attention to. Bridge

Maintenance Management System Database, which adopts SQLSERVER or Oracle as the tool of
development and management, consists of three parts- (1)Bazic information and data of the bridge, used
to display bridge identification information and geometric information.(2)Business data for maintenance
and management, including freguent inspections, regular  inspections, maintenance  record  data,
assessment data and so on, which all serve as the guery to browse, direct source of report output, as well
as evaluation for performance and the decision for maintenance programs. (3)The GIS data of brdge,
used to display the bridge’s geographic information and data,

By the analysis of monitoring the bridge operation we can see that the bridge is prone to defects
suspension system components, and the component disease type is simple, the main diseases are
corrosion and broken wires. According to the monitoring requirements of the Maintenance Management
System, choose the system maintenance and management measures selected function key real-time for
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the status of the bridge damage points, when select the maintenance measures, consider the terms of the
budget and construction requirements, by Optimizing to enable maintenance effect to be achieved the
maximunm.

4. 4 Conclusion

(1) Database management system can complete the basic information about the bridge, inspection
record, maintenance and reinforcement history, the input of the image information, etc, provide a variety
of information queries and tab and other functions, and the recorded data automatically generates the
documentations needed by the bridge comprehensive evaluation.

(2) Comprehensive evaluation system transplants the bridge experts’ experiences and knowledges into
the computer, and just enter the basic elements of a bridge, environmental conditions, traffic volume and
data obtained from bridge inspection, system can use percentile methods to evaluate the the soundness of
the all given bridge components.

(3)Using the object-oriented programming (OOP), ARCGIS technology and client / server architecture
(C/S) developed BMIADSS, meets the needs of information sharing and regional management of modern
bridge maintenance and management. In this paper,the writer used developed BMIADSS to realize
Xihoumen Bridge conservation and management and monitoring, the system has great practicability and
can serve as a supporting decision-making tools of bridge conservation and management department.

22. Georgia Department of Transportation, Bridge Structure Maintenance and Rehabilitation Repair
Manual, Office of Bridge and Structural Design Bridge Maintenance Unit, June 29, 2012 Version
06.01.12

23. Georgia Department of Transportation, Bridge Structures Maintenance Plan, August 2013.

24. FHWA Bridge Preservation Guide, FHWA-HIF-11042, August 2011.

25. FHWA Bridge Preservation Guide, FHWA-HIF-18022, Spring 2018.

Design Life

Definition: The design life is the period for which a component, element. or bridge is
expected to function for its designated purpose when designed, constructed, and
maintained as per standards.

Commentary: The dasign life of a bridge compaonent or element is the perod during which
the item is expected, by its designers, to work within its specified parameters, Design codes
and material specifications are important parameters in determining the expected design
ife of a highway structure.

Service Life

Definition: The service life is the period for which o component, element, or bridge provides
the desired function and remains in service with appropriate preservation activities.

Commentary: Service life of bridge components or elements is the period during which the
tem actually performs, The service lite of o bridge and componeants in good to fair condition
can be extended with cyclical and/or condition-based PM activitias.

A steadfast bridge preservation program and guality workmanship practiced during the
service life of an asset is necessary for the asset to reach its design life.
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Establishing a Bridge Preservation Program

What Is a Bridge Preservation Program?

A bridge preservalion program consists of performing cost-effective cyclical and condition-
based PM activilies that seek to prolong the service life of bridges and delay the need for
rehakilitation or replacement,

Figure 14 is a representation of a bridge’'s condition over time. The three types of work
programs are shown based on the condition, PM activities as part of the bridge preservation
program can extend the service

life of a bridge when it is in good Bridge Preservation Program

or fair condition. This results in )

achieving the greatest value = +

from the original construction
cost by delaying the need for Good
rehabilitation or replacement.
Typically, when a bridge
component enters into poor
condition, bridge preservation Poor R
ends until that bridge

component is rehabilitated Savare

back into good or fair condition,

or replaced. Time

i Program

Condition

Figure 14, Bridge condifion over fime.
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26. “A Guide to Cost-Effective Bridge Preservation”, FHWA FOCUS, September 2011.

The FHWA guide provides definitions
for terms such as bridge preservation, pre-
ventive maintenance, rehabilitation, state of
good repair, and structurally deficient,
along with related commentary and exam-
ples. Also featured 15 a framework for
estabhishing a Systematic Preventive Main-
tenance (SPM) program for bridges. As the
guide notes, *An SPM program for bridges
can be defined as a planned strategy of cost-
effective treatments to existing bridges that
arc intended to mantain or preserve the
structural integrity and functionality of ele-
ments and/or components, and retard
future deterioration, thus maintaiming or
extending the useful life of the bridge,”

An SPM program can be implemented
at the network-wide, highway system,
arca-wide, or regional level. Federal-aid
funds may be used for SPM on highway
bridges located on public roads regardless
of whether a bridge 15 ehigible tor replace-
ment or rehabilitation.

S5PM programs should feature the fol-
lowing attributes at 2 minimum:

= Goals and Objecirves—Clearly defined
objectives and measurable goals. Goals
and measures can also be developed for
specific PM strategies.

* Tnventory and Condition Assessment—
Availability of tools and resources to
conduct bridge inspections and evalu-
atons.

» Needy Asessment—Documented needs

assessment process that outhines how
PM needs are identified and prioritized.

« Cost-Effective PM Activities—Ability
to demonstrate that the proposed PM
activities are a cost-effective means of
extending the life of a bridge,

» Plan for Accomplishing the Wark
Availability of tools and resources to
accomplish the PM work.
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= Reporting  and  Evaluation—Ability
to track, evaluate, and report on the
planned and completed PM work on
a periodic basis. Expendimures should
also be tracked over time, to ensure that
the mvestment 15 providing the return
expected.

Also ighhghted in the guide are exam-
ples of PM wreatments and activities that
can extend the lite of bridges when applied
to the right bridge at the nght nme, For
bridge decks, this can include installing

deck overlavs o seal the deck surface and
reduce the impact of aging and weather-
ing, as well as using electrochemical chlo-
ride extraction (ECE) treatments to
remove chloride 1ons and prevent corro-
sion of the bridge’s remforang steel.
Treatments for bridge superstructures
include retrofitting fracture-critical mem-
bers or fatigue-prone details and perform-
Ing spot or zone painting to target areas
where paint deterniorates the fastest and
profect against corrosion,

27. Performance of Corrosion Inhibiting Admixtures in Hawaiian Concrete In a Marine Environment
Research Report UHM/CEE/12-04, September 30, 2012
Joshua Ropert, MS and lan N. Robertson, Ph.D., S.E.

Page 59 of 215

Appendix Page 86



EXECUTIVE SUMMARY

A long-term field exposure study was conducted to evaluate the durability of reinforced
concrete specimens ¢xposed W a manne covironment made with Hawatian aggregales.
Twenty five field panels were constructed and placed in the tidal zone at Pier 38 in
Honolulu Harbor on the 1sland of Oahu in 2002 and 2003, The panels were removed from
Pier 38 in 2012, after 9 to 10 years of exposure. In addition to control specimens, these
panels including various corrosion inhibiting admixtures and pozzolans intended to
reduce the chloride penetration rates through the concrete and delay the onset of chloride
induced corrosion of the reinforcing steel. The panels were monitored for half-cell
potential and chloride concentration through the cover concrete at various intervals
during field exposure. This report provides an overview of the results of this study,
including evaluation of the ability of the computer program Life-365 to predict the
chlorvide penetration rates, Recommendations are provided for design of future concrete
exposed to a marine environment in Hawaii and application of Life-365 to life cycle
cstimation for such concrele. Suggestions are also given for future rescarch needs in this
important field of study.

The conerete mixtures used in this study were based on typical mixtures used by the
Harbors Division of the Hawaii Department of Transportation. Water-cement ratios range
from (.35 to 0.40. All coarse and fine aggregates were obtained from either Halawa
guarry {Hawaiian Cement) or Kapaa quarry (Ameron), both located on the island of
Dahu, The corrosion inhibiting admixtures included in the field panel mixiures were
Darex Corrosion Inhibitor {DCI), Rheocrete CNI Rheocrete 222+, FerroGard 901,
XNypex Admix C-2000, latex modifier, and Kryton KIM. The pozzolanic admixture
materials included fly ash and silica fume.

Observations and Conclusions

Hall=cell readings were taken on the top surface of the panels at various intervals during
the field exposure. These readings provided an indication of the probability that corrosion
had imitiated on the reinforcing steel in the panel. Field observations confirmed the
presence of surface cracks and rust products on some of the panels afler as little as 7
wears exposure in the tidal zone,

Table E-1-1 shows the results of analysis of the half cell readings and visual inspection of
the field panels. The panel mixture details are listed in columns 2 to 5. Column 6 lists the
number of months before the half-cell readings indicated a 30% probability that corrosion
had initiated somewhere in the panel, while column 7 lisis the months before the half-cell
readings indicated a 90% probability that corrosion had initiated. Columns & and 9
provide the type of observed damage due to corrosion and the number of months
exposure al which the damage was observed, respectively. The cell coloring indicates
whether the panel performance was good (green), fair {orange) or poor (red) based on the
half-cell and visual inspections,
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Recommendations

Design of concrete using Hawaiian aggregates for exposure in a marine of coastal
environment should observe the following recommendations based on this study:

1. Use a water to cementitious material ratio as low as possible, but not greater than (.40,

2. Include fly ash with at least 15% replacement of cement, or silica fume with at least
3% replacement of cement. Mixing must ensure that the fly ash and silica fume, in
particular, are well distributed throughout the concrete.

3. Include Darex DCI or Rheocrete CNI at minimum dosages of 4 gal/cuyd (20 I'im’).

4. As added protection, consider including Kryton Kim at 2% by weight of cement.

Future Research Needs

Based on the resulis of this and other similar studies of the effect of reinforcing steel
corrasion on reinforced concrete exposed o a marine environment, the following future
research needs were identified:

1. Perform long-term ficld exposure studics on concrete mixtures using a combination of
corrosion inhibiting measures to observe the combined effect. For example, combining
fly ash and effective corrosion inhibitors like DCT, CNT and Kryton Kim to determine
how much the combination improves performance compared with each  individual
admixture and the original control mixture,

2. Consider new corrosion inhibiting admixmres that have become available since
initiation of this project, for example Cortec MCIL-2000 which is currently being used by
HDOT harbors division without local tests to verify its performance with concretes based
on Hawatian aggregates.

3. Longer term field momioring of successful admixtures. The current study has
identified which corrosion mhibiting admixtures appear 1o work and which do not.
However, after 10 years of exposure (on only 5 years of funding), a number of the
specimens with fly ash, silica fume, and DCT or CNI, have not started to corrode. Ideally,
specimens should be kept in the field exposure until corrosion initiates to determine the
true performance of these admixtures,

4, The specimens in this study consisted of uncracked concrete, at least until corrosion
initiated cracks. This is unrealistic for most in-place concrete which will crack due to
shrinkage, temperature, construction loads, eic. In order 1o evaluaie the successful
admixtures for true Oeld conditions, it is necessary to fabricate specimens that simulate
the types of cracks most common in field construction. These specimens would then be
exposed to the same tidal zone conditions as the original un-cracked specimens o
determine whether or not the admixtures can still delay the onset of corrosion.

5. For the current study, all specimens were placed in the tidal zone. This meant there
were no panels that were in a coastal environment, but not in the tidal zone, and no
specimens that were completely submerged. The tidal zone is known to be the most
corrosive environment, hence it was chosen for this study,  However, most harbor
facilities and coastal structures are predominantly out of the water, or continuously
submerged. both of which are less corrosive environments. A better understanding of the
performance of the successful admixtures in these environments is also important for
future coastal construction. It would be uneconomical to design all harbor and coastal
structures assuming the worst case of tidal zone exposure,
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28. Bridges for Service Life Beyond 100 Years: innovative Systems, Subsystems, and Components
Transportation Research Board, National Academy of Sciences, The Second Strategic Highway
Research Program, SHRP 2 Report S2-R19A-RW-1, 2014.

Atorod Azizinamini, Edward H. Power, Glenn F. Myers, H. Celik Ozyildirim
29. Design Guide for Bridges for Service Life (2013)
Transportation Research Board of the National Academies, S2-R19A-RW-2
Atorod Azizinamini, Edward H. Power, Glenn F. Myers, H. Celik Ozyildirim, Eric S. Kline, David W.
Whitmore, and Dennis R. Mertz

30. Life Cycle Planning-An Overview
A White Paper Produced by the Federal Highway Administration Transportation Asset
Management Expert Task Group, July 2019. Report No. FHWA-HIF-19-072
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Life Cycle Planning — An Overview

Life Cycle Planning (LCP) secks the most cost-cffective strategy for managing assets over their
entire life by capitalizing on timely and appropriate treatments to extend asset life at the lowest
reasonable cost,

This white paper by the FHWA Transportation Asset Management Expert Task Group (TAMETG)
will use the definition of life eyele planning from 23 CFR 515.7 (b). Otherwise, it will not dwell
on the regulation. Instead, it will describe in much more general terms how LCP could improve
the managing of assets and how agency processes may need to evolve to take advantage of it.

What is LCP?

23 CFR 515.5 defines life cycle planning as a process to estimate the cost of managing an asset
class, or asset sub-group over its whole life with consideration for minimizing cost while
preserving or improving the condition. In 23 CFR 5157 (b), the regulation says a State DOT shall
establish a process for conducting life-cycle planning for an asset class or asset sub-group at the
network level, (Network is to be defined by the State DOT), The regulation also says as a State
DOT develops its life-cyele planning process, the State DOT should include future changes in
demand; information on current and future environmental conditions including extreme weather
events, climate change, and seismic activity; and other factors that could impact whole of life costs
of assets.

Figure | illustrates the steps involved in life eyele planning. After an assct is initially constructed,
its performance can be extended with timely preservation, maintenance, rehabilitation, and
reconstruction. At some point. an economic and engineering decision is made as to whether it 1s

most appropriate to reconstruct the asset or replace it
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Figure 1. The life cycle planning process.
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Why Adopt LCP?

The initial transportation asset management plans that were due April 30, 2008, included many
examples of agencies documenting higher conditions for lower costs by adopting life cyele
planning.

o  The Minnesota Department of Transportation demonstrated in its asset management plan
that the per lane muile cost per year for an asphalt pavement over 70 years would be 315,800
dollars under a worst-first approach. Using its current life-cycle approach, the per lane mile
annual cost is 59,400, (Minnesota DOT)

*  The Ohio Department of Transportation asset management plan reports that its hife-cycle
approach to pavements has the potential to achieve the same condition level but cost
between 575 million to 5121 million less annually, {Ohio DOT) The plan also estimated
that if ODOT increased preservation activities by 5 percent on National Highway System
(NHS) bridges, that once a steady state of conditions was reached the agency could save
E50 million annually.

* The Kentucky Transportation Cabinet asset management plan reports that it will by 2027
face a $579 million backlog of unmet pavement-investment needs, (Kentucky
Transportation Cabinet) However, if the agency was not implementing a balanced life cyele
approach to its pavements, the 2027 backlog would be $1.223 hillion.

LCP May Alter Agency Practices

Unlike in tleet management, implementation of LCP in many assets is relatively new, and many
agencies have not yet embraced the approach. Some agencies may lack the data or the analytical
tools necessary to compute long-term costs and benefits of LCP, However, as the benefits of life

to embrace it.
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To achieve the most benefit, an agency may want to implement a continuous improvement process,
As with any continuous improvement process, it will benefit from monitoring and comparing the
condition and performance resulting from its implementation with what was planned, An agency
will over time want to consider changes in deterioration and other factors and make adjustment to
future implementations. For effective asset management, such a cyele of on-going improvements
can maximize the results of LOCP strategies over the life of assets,

Depending on the results achieved, an agency may have to adjust treatment selections, timing of
treatments, resource allocations and project delivery. This may also mean that an agency may
have to apply more treatments, more frequently because low cost preservation and maintenance
actions are needed more frequently to slow the deterioration of assets. This LCP program stands
in contrast to a “worse-first™ program that would have fewer, but more expensive projects.
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Figure 2. Periodic low-cost preservation reatments can maintain assets at higher conditions
Jor less cost compared to more expensive rehabilitation treatments,

Adopting LCP is likely to influence an agency’s practices. The LCP approach requires the
planning, programming, and maintaining of asscts in alignment with larger strategies that extend
the life of those assets. Institutionalizing LCP can be advanced by engagement across multiple
work units so that those who inspect, maintain, and plan for treatment collaborate. Agencies may
need to break down silos between information technology, planning, design, maintenance, and
constmction to ensure that their effores are coordinated o support LCP,
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To apply LCP successfully, agencies need:

*  Data about the condition and detenoration of assets to know when they require treatment
to extend their life, and not to merely replace the asset once it is deterjiorated

+ Planning processes to program the treatments at the right point in their life cyvele

= Design capabilitics to produce more small projects to arrest deterioration instead of fewer
large projects to replace assets

* Mdaintenance coordination so that the activities of maintenance crews and contractors are
scoped, timed, and recorded to support life cyvele analysis, and

s Construction capabilities to manage a larger number of projects when more preservation
projects are let to bid.

In the long-term, LCP is likely to create a better sense of ownership across the agency about
managing assets more cost effectively. Maintenance crews would understand they “own™ the
required annual maintenance, while those who program know they “own” the need to program the
right preservation and rehabilitation treatments on a timely basis.

Successfully implementing LCP and institutionalizing the practice in an agency may lead to the
development of manuals and policies of how to treat different assets and asset sub-groups.
Agencies may have to address network. program and project-specific LCP approaches depending
on the levels applicable 1o them,

LCP also can be enhanced by taking into consideration the impacts of internal and external risks,
Climate risks can affect asset performance and condition. For example, pavements in low-lying
areas may be subject to periodic inundation that affects their long-term performance, Bridges in
mountainous areas may be subject to increased de-icing chemicals, while pavements on expansive
soils may be subject to temperature extremes. The LCP process can be enhanced when risks from
external events and environmental factors are considered in selecting the type and timing of
lreatments.

Another enhancement to LCP is to update the nsk assessment on an on-going basis. Risk
assessment updates can be enhanced with collaboration across work units to identify and analyze
new risks and changes to existing risks,

Page 66 of 215

Appendix Page 93



Program Approach Not Just Project Approach

Life-cycle planning encourages network and program-level approaches such as:

* Ensuring an approach o project prioritization that maximizes long-term neiwork benefiis

=  Ensuring that critical data-collection programs are funded, the data-analysis functions are
robust, and information is accessible to decision makers

= Funding adequately the programs to allow timely maintenance, preservation, and
rehabilitation and not only funding asset-replacement projects

« Developing long-term  investment strategies to ensure the long-term programmatic
treatment of assets

= Focusing not only on short-term conditions but forecasting to understand whether cwrrent
plans will result in long-term performance and conditions to achieve the agency's
objectives, and targets, Such forecasting can inform the agency of any changes necded to
address any gaps and the implications of not addressing them.

Application of LCP Can Vary with Asset Complexity

It is likely that agencies will realize that the sophistication of LOP can be commensurate with the
complexity of the asset class or sub-class. Simple assets can be managed appropriately through
their life cycle with simple processes and strategies. For example, pavement markings may be
managed appropriately with cyclical replacement schedules, as may other assets such as sign
sheeting. On the other hand, very complex assels such as Interstate Highway System pavements
or most bridges benefit from a more comprehensive life-cycle planning process.

Some states have divided assets into tiers or categories and apply the most complex life eyele
strategies to the assets that are most complex and expensive. For example, Tier 1 assets may be
pavements on high volume roads and nearly all bridges. As shown in Table 1. their life-cycle
strategies require annual or biennial condition inspections, detailed asset inventories, compliant
management systems, and life evele planning horizons that could extend for 30 vears or more,
Life-cycle treatment protocols trigger appropriate preservation, maintenance, rehabilitation, or
replacement treatments,

Tier 2 assets could also be complex but do not lend themselves to complex management systems
that include optimization. Examples could be culverts and other drainage structures or maintenance
facilities. They could be managed with spreadsheet analysis and regular condition assessments.
Preservation, maintenance, and rehabilitation decisions for such assets are iggered by condition
and life-eyele considerations.

Tier 3 assets could be also managed with spreadsheet analysis instead of more complex
management systems. Age is the primary trigger for treatments for these assets as they do not lend
themselves (o preservation or maintenance treatments. Examples could be sign sheeting, pavement
markings, and luminaires, where the treatment is to replace them eyelically.
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The use of tiers such as these allow an agency to demonstrate that all assets are managed with the
most appropriate life eycle strategy. The strategies, however, are commensurate with the
complexity of the asseis” lifecycle and the life cycle sirategies do not create inordinate cosis.

LCP for Unigue Assets

Muost asset management and LCP strategies are predicated on an assumption that groups of similar
assets are largely homogenous and tend to respond in typical ways. For example, crack sealing and
bridge deck replacement often occur on predictable cycles. However, there are special classes of
assets that require asset-specific management plans, For example, the Golden Gate and Brooklyn
bridges are managed for LCP but with highly specialized approaches. Agencies may find that
special classes of assets such as historic structures or pavements with unigue soils reguire
specialized LCP strategies. These individual major assets or subclasses of assets may reguire
stratcgics that arc attuncd to their unigque materials, characteristics, locations, or environment.

Also, similar assets may face different environmental risks depending on their location. Such assets
may need a different level of analysis. In such cases the assessment of historic deterioration rates
may be insuflicient and asset managers may have to also consider future changes due to weather
or temperature.

Likely Future Implications

As agencies embrace LCP approaches, they are likely to want to improve some important tools,
For example, they may want to ensure that:

o Data collection is timely and asset inventories detailed enough to support the agency’s LCP
approach.

+ Condition information is timely enough to allow decizion makers to know when asset-
treatment windows allow for preservation

* Inventories have the granularity necessary to understand conditions by asset class and
subclass and how they are changing to anticipate needed treatments

s Deterioration curves are available and reliable to forecast future conditions

¢ Information on previously applied treatments s available to provide valuable information
on effectiveness of past treatments, This will enable the agency to understand the
effectiveness of past treatments and identify potential future treatments. Also, the influence
of maintenance activities may need to be better understood.

Forecasting and asset condition modeling become a more important part of the analysis and
decision-making. Comparing long-term ¢ffects of alternative investment strategics is an important
part of LCP. Agencies may not have the necessary funding to select the investment strategy that
achieves the best outcome, Under these circumstances, evaluating and comparing multiple
scenarios becomes more important 1o decision making. Analyzing multiple investment strategies
enables the agency to make better informed decisions based on the projected available funding.
Analysis enables the agency to make necessary tradeoffs and prioritize assets and treatments to
delay deterioration based on the cumulative network benefit or other agency goals.
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It iz likely that LCP will change agencies’ performance perspective to include a focus on both
long-term, future conditions, as well as short-term current ones. Once agencies take a life cycle
perspective, their focus tends to shift to planning for the highest conditions achievable with
predicted resources in 10 or 20 years and not only for the next vear. The return on investment
horizon tends to extend so thal preservation and maintenance efforts are recognized for their long-
term contribution.

Not only does interest in data increase, but so does the interest in the ability to sort, query, map,
and analyze the data. Agencies are likely to develop tools so that more decision makers can access
data and rely upon them for dayv-to-day decisions. Good asset condition and trend data are essential
not only for those who program projects but also for those who schedule and prioritize maintenance
activities.

Life cycle planning can lead to better understanding of the retum on investment for data. Data can
be expensive and sometimes difficult to justfy. However, when the cost savings of tumely
treatments are captured, the return on investment for data can be determined. If detailed condition
data are needed to time treatments appropriately, the data become essential to capturing the cost
savings of the treatment. Onee the cost savings from treatments are known, the value of the data
that riggered the treatment can be captured.

Ower time, the use of LCP is likely to become more mature and will extend to other assets beyond
bridges and pavements. The concept desenbed above of dividing assets into tiers based on their
complexity already is embraced by some agencies. As a result, life cycle planning is expanding to
asset classes such as ITS components, traffic signals, high mast lighting, facilities, and even
software. There are few technical reasons why life cyele planning cannot be applied to any asset
class, As the discussion on tiers indicated, the management strategies may change but life cyvele
planning concepts can be applied to almost any asset class.

Life cycle planning analysis can lead to greater recognition of how threats and vulnerabilities affect
assets. When the effects of flooding, temperature, or excessive winds are documented over time,
a greater awareness of the threats that reduce asset performance may become appareni.

Summary and Conclusion

The U.S. transportation community is in the carly stages of LCP adoption. Life cvele planning is
likely to expand in use over time to become the standard approach for managing assets. As more
transportation agencies adopt LCP, and the cost savings become better understood, it will likely to
lead to expanded adoption of LCP to other asset classes beyond bridges and pavements. The
embrace of life cycle planning is likely to be supported by improved data sets, better analysis of
long-term performance, and better understanding of how timely treatments provide a return on
imvestment.

The imperative to improve conditions, cost effectively manage assets over their whole life, and
conserve limited resources are addressed by life cyele planning. Once the policies, data, and
management processes are in place to fully capitalize on LCP, 1t is likely to become the standard
process for managing transportation assets.

31. Mississippi Standard Specifications For Road and Bridge Construction, Mississippi Department of
Transportation, Jackson, 2017 Edition
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Section 700.05-Material Certifications and Certified Test Reports
Provides guidance on material and testing certifications.

700.05-~Matcerial Certifications and Certified Test Reports. All certifications
and certified test reports shall meet the requirements set forth herein except
certification requirements for cement and asphalt are set out separately in
Department SOP TMD-21-01-00-000 and TMD-22-01-00-000,

Section 804.02.6-Classification and Uses of Concrete
Provides guidance on usage of the various classes of concrete.

The classes and their uses are as follows:
(17 Class AA - Conerete for bridge construction and concrete exposed 1o

s aler,

2) Class A = Conerete for use where indicated.

{3) Class B - General use, heavily reinforced sections, cast-in-place
concrete piles, and conventional concrete piles.

(4) Class C - Massive sections or lightly reinforced sections.

(5) Clasz D = Massive unreinforced sections and riprap.

{6) Class F - Concrete for prestressed members.

(71 Class FX - Extra sirength concrete [or presiressed members, as shown
on plans.

(E) Clasz 5 - For all s¢al concrete depoesited under water.
(9) Class DS - Dnlled Shaft Concrete

Section 804.02.10-Portland Cement Concrete Mix Design, Table 3 Master Proportion Table for
Structural Concrete Design

Provides guidance on the proportioning of coarse aggregate, maximum water/cement ratio,
compressive strength, maximum slump, and total air content. [Material Information]
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Table 3
MASTER PROPORTION TABLE FOR STRUCTURAL CONCRETE DESIGN

COARSE BlAKIMURM WATERS SFECIFIED
AGGREGATE  CEMENTITICUS COMPRESSIVE  MAXIMLIM TaTAL

CLASS  SIPE WG, * RATIC ESTREMGTH () SLLIMP == AR COMTEMNT
psi inches -
AA a¥ or 67 {45 400 3 A0 60
A A7 or 67 045 400 A A0 v G0
B 57 or 67 Q.50 A500 4 A0 e &0
G 57 or BT 055 A000 4 3.0 te &0
(K] &7 or 67 0. 2000 4 3.0 te &0
F =T 040 5000 3 paas
FX BT (A raquirad by spacial provigions) 3 ame
g 57 o BY 05 3000 & 30w ED
DS &7 043 400 T e

Maomum size aggregate shall comform to the concrete mix design for the
specifiied aggragate.

bacamum replacement of Portland cerment by welght is 25% for fiy ash or 50% for
ground granulated blast furnace slag. The addition of fly ash as a replacement for
camant will nod be parmitted in Type IP Bended hydraulic cement, partland cament
combined with ground granulated blast fumace slag o Type Il portland cement
wihen specified in the contract,

Tt The slump may be increased up to 6 inches with an approved mid-range water
reducer or up to B inches with an approved type F or G high range water reducer,
A mid-range waler reducer is classified as a water reducer that reduces the mix
waler a minimum of 8% when compared to a control mix with no admixures.
Minus shump reguirements shall meel those set fofh in Table 3 of AASHTO
M157 specifications

=" Mo enlrained air excepl for pilings exposed 1o scawaler,

e Class DS Concrede for drilked shafls shall have an 8 1-inch slump, v i event
the free fall melhod of concrele placement is wsed, e slump shall e G £1-inch,
Mo fly ash, ground granulaled blast fumace slag, or F or G high range waler
reducars allowed in drilled shall concrala. A slump retention admidure s
requirad.

Either Twvpe A, D, F. G, or mid-range chemical admixture, shall be used in all
classes of concrete, except as noted above lor drlled shalt concrete. Any
combinations of water reducing admixtures shall be approved by the Engineer
before their use,
Section 804.03.11-Concrete Exposed to Seawater
Provide guidance on which class of concrete shall be used along with additional guidance on
clear distance and construction joints.
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32.

33.

B04.03.11--Conerete  Exposed to Seawater. Unless otherwise specifically
provided, concrete for structures exposed (o seawater shall be Class AA concrete
as referenced in Subsection 3040210, The clear distance from the face of the
concrete to the nearest face of reinforeing steel shall be ai least four inches. The
mixing time and the waler content shall be carefully controlled and regulated so
as o produce concrete of maximum impermeability,  The concrete shall be
thoroughly compacted, and stone pockets shall be avoided. Mo construction
Joints shall be formed between the levels of extreme low water and exireme high
water as determined by the Engineer. Between these levels, scawater shall mot
come in direet contact with the new conerete until at least 30 days have clapsed.
The surface concrete as lelt by the forms shall be lef undisturbed.

Mississippi Department of Transportation, Construction Manual 2017
Chapter 1.3-Project Records provides guidance on maintaining project records.

Site Manager is noted as the location of all project records. Site Manager can be located by
accessing MDOT@Work and selecting drop down menu under applications then selecting Site

Manager.

Moving Ahead for Progress in the 21 Century Act (MAP-21), A Summary of Highway Provisions
Federal Highway Administration, Office of Policy and Governmental Affairs, July 17, 2012.
Establishes a performance-based program and requirements for a long-range plan and a short-
term transportation improvement plan (TIP). MAP-21 establishes principles and practices for

research, technology, deployment, training, and education.
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Overview

O July 6, 2012, President Obama signed into law P.L. 112-141, the Moving Ahead for Progress in the
21" Century Act (MAP-21). Funding surface transportation programs at over 5103 billion for fiscal years
(FY) 2003 and 2014, MAP-21 iz the first long-term highway authorization enacted since 2003, MAP-21
represents a milestone for the ULS. economy — it provides needed funds and, more importantly, it
transforms the policy and programmatic framework for investments to guide the growth and development
of the country’s vital transportation infrastrocture,

MAP-21 creates a streamlined, performance-based, and multimodal program to address the many
challenges facing the LS, transportation svstem. These challenges include improving safety, maintaining
infrastructure condition, reducing traffic congestion, improving etficiency of the system and freight
movement, protecting the environment, and reducing delays in project delivery.

MAP-21 builds on and refines many of the highway. transit, bike, and pedestrian programs and policies
established in 1991, This summary reviews the policies and programs administered by the Federal
Highway Administration, The Department will continue to make progress on transportation options,
which it has focused on in the past three years, working closely with stakeholders to ensure that local
communitics are able to build multimodal, sustainable projeets ranging from passenger rail and transit to
bicvele and pedestrian paths,

Sefting the course for transporiation investment in highways, MAP-21 —
e Strengthens Amevica s highways
MAP-21 expands the National Highway System (NHS) to incorporate principal arterials not
previously included. Investment targets the enhanced NHS, with more than half of highway
funding going to the new program devoted to preserving and improving the most important
highways -- the Mational Highway Performance Program.

o Fstablishes a performance-based program,
Under BMAP-21, performance management will transform Federal highway programs and provide
a means o more efficient investment of Federal transportation funds by focusing on national
transportation goals, increasing the accountability and transparency of the Federal highway
programs, and improving transportation investment decisionmaking through performance-based
planning and programming.

s Creates fobs and supporis econamic groweh
MAP-21 authorizes $82 billion in Federal funding for FYs 20132 and 2014 for road, bridge,
hicycling, and walking improvements. In addition, MAP-2 | enhances innovative financing and
encourages private sector investment through a substantial increase in funding for the TIFLA
program. It also includes a number of provisions designed to improve freight movement in
support of national goals.

o Supporss the Depariment of Transportaiion s (DOT) gegressive safery agenda
MAP-21 continues the successful Highway Satety Improvement Program, doubling funding for
infrastructure safcty, strengthening the linkage among modal safety programs, and creating a
positive agenda to make significant progress in reducing highway fatalities. It also continues to
build on other aggressive safety efforts, including the Department’s fight against distracted

driving and its push to improve transit and motor carrier safety.
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Transportation Flanning
[1201 and 1202]

In MAP-21. the metropolitan and statewide transportation planning processes ave continued and enhanced
to incorporale performance goals, measures, and targets into the process of identifying needed
transportation improvements and project selection. Public involvement remains a hallmark of the
planning process.

Requirements for a long-range plan and a short-term transportation improvement plan (TTF) continue,
with the long-range plan to incorporate performance plans required by the Act for specific programs. The
long-range plan must describe the performance measures and targets used in assessing system
performance and progress in achieving the performance targets, The TIP must also be developed to make
progress toward established performance targets and include a description of the anticipated
achievements. In the statewide and nonmetropolitan planning process, selection of projects in
nonmetropolitan areas, except projects on the NHS or funded with funds remaining from the discontinued
Highway Bridge Program, must be made in cooperation with affected nonmetropolitan officials or any
regional transportation planning organization.
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Performance Management

[1203]

The cormnerstone of MAP-21"s highway program transformation is the transition to a performance and
outcome-based program.  States will invest resources in projects to achieve individual targets that
collectively will make progress toward national goals.

MAP-21 establishes national performance goals for Federal highway programs:

s Safety—To achieve a significant reduetion in traffic fatalities and serious injuries on all public
roads.,

+  [Infrastructure condition—To maintain the highway infrastructure asset svstem in a state of
goodd repair,

« Congestion reduction—To achieve a significant reduction in congestion on the NHE.

= System reliability—To improve the efficiency of the surface transportation system.

+  Freight movement and economic vitality—To improve the national freight network, sirengthen
the ability of rural communities 1o access national and international trade markets, and support
regional economic development.

»  Environmental sustainability— To enhance the performance of the ransportation system while
protecting and enhancing the natural environmaent,

+  Reduced project delivery delays—To reduce project costs, promaote jobs and the economy, and
expedite the movement of people and goods by aceelerating project completion through
eliminating delays in the project development and delivery process, including reducing regulatory
burdens and improving agencies” work practices.

The Secretary, in consultation with States, MPOs, and other stakeholders, will establish performance
measures for pavement conditions and performance for the Interstate and WHS, bridge conditions, injuries
and fatalities, traffic congestion, on-road mobile source emissions, and freight movement on the Interstale
Svatem, States (and MPOs, where applicable) will set performance targets in support of those measures,
and State and metropolitan plans will deseribe how program and project selection will help achieve the
Largets.

States and MPOs will report to DOT on progress in achieving targets. Ifa State’s report shows
inadequate progress in some areas — most notably the condition of the NHS or key safety measures — the
State must undertake corrective actions, such as the following:
«  NHPP: If no significant progress is made toward targets for NHS pavement and bridge condition,
the State must document in its next report the actions it will take to achieve the targets
o HSIP: [Mno significant progress is made toward targets for Tatalities or serious injuries, the State
st dedicate a specified amount of obligation limitation to safety projects and prepare an annual
implementation plan.

In addition, due to the critical foeus on infrastrueture condition, MAP-21 requires that each State maintain
minimum standards for Interstate pavement and NHS bridge conditions. [f a State falls below either

standard, that State must spend a specified portion of its funds for that purpose until the minimum
standard is exceeded.
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Research, Technology Deplovment, Training and Education

MAP-21 establishes the principles and practices for a flexible, nationally-coordinated rescarch and
technology program that addresses fundamental. long-term highway research needs, significant research
gaps. emerging issues with national implications, and research related to policy and planning. The
Secretary provides leadership for the national coordination of research and technology transfer activities,
conducting and coordinating research projects, and partnering with State highwayv agencies and other
stakeholders. All research activities are to include a component of performance measurement and
evaluation, should be outcome-based, and must be consistent with the research and technology
development stratégic plan. MAP-21 provides new authority for the Secretary to use up o one percent of
funds authorized Tor research and education for a program o competitively award cash prizes o stimulate
innowvation that has the potential Tor application o the national transportation system.

MAP-21 authorizes $400 million per vear for the following six programs: Highway Research and
Development, Technology and Innovation Deployvment. Training and Education, Intelligent
Transportation Systems, University Transportation Research, and the Burean of Transportation Statistics.

Following is a description of the programs that are administered by FHW A,

Rescarch and Technology Development and Deplovment
o MAP-21 provides 5115 million per year for the Hhghway Research and Development program.
Research areas include highway safety, infrastructure integrity, planning and environment,
highway operations, exploratory advanced research, and the Turner-Fairbank Highway Research
Center. [52003]

«  Separate funding 15 provided for the Technology Innovation and Deployment Program (3625
million per year) to accelerate implementation and delivery of new innovations and technologies
that result from highway research and development to benefit all aspects of highway
transportation, At least 312 million per vear of these funds must be used to accelerate the
deployvment and implementation of pavement technology, [52003]

e The technology deployment program would also fund implementation of Future Strategic
Highway Research Program (F-SHRP) results, but with an opportunity 1o supplement from State
Planning and Research funds, it 75 percent of States agree to a percentage for this use. [32003]

Three specific programs are repealed; the International Outreach Program [52006], the Surface
Transportation Environment Cooperative Research Program [52007], and the Mational Cooperative
Freight Rescarch Program [52008], However, the authority for international collaboration remains, and
environmental and freight rescarch and development activitics are incorporated imto Highway Rescarch
and Development,

Training and Education | 52004

MAP-21 authorizes $24 million per vear for continuation of training and education programs, including
the Mational Highway Institute, the Local Technical Assistance Program (LTAFP), the Tribal Techmcal
Assistance Program (TTAP), the Dwight D. Eisenhower Transporiation Fellowships, the Garreti A.
Morgan Technology and Transportation Education Program, the Transportation Education Development
Program, and the Freight Capacity Building Program.  Also funded from the Traming and Education
funds are the competitively-selected centers for transportation excellence in the areas of the environment,
surface transportation safety, rural safety, and project finance, The Federal share for LTAP and TTAP
centers remains at 370 percent and 100 percent respectively,
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Transportation Research and Development (R&D) Strategic Planning [52012]

The Secretary is directed to develop a 3-vear research and development strategic plan within 1 year of
enactiment, to be reviewed by the National Rescarch Council, and report to Congress annually on R&D
spending. The plan must address the following purposes: promoting safety, reducing congestion and
improving mebility, preserving the environment, preserving the existing transporiation svstem, improving
the durability and extending the life of transportation infrastructure, and improving goods movement,
MAP-21 offers the opportunity to conduct a nationallv-coordinated, flexible, and strategically-targeted
Fescarch, Technology, and Education program.,

34, Title 23-Highways Code of Federal Regulations (CFR) Section 119: National highway
performance program, (f) Interstate System and NHS Bridge Conditions (2) Condition of NHS
Bridges.

§119. National highway performance program
(a) Establishment.-The Secretary shall establish and implement a national highway performance program
under this section.
(b) Purposes.-The purposes of the national highway performance program shall be-
(1) to provide support for the condition and performance of the National Highway System;
(2) to provide support for the construction of new facilities on the National Highway System; and
(3) to ensure that investments of Federal-aid funds in highway construction are directed to support
progress toward the achievement of performance targets established in an asset management plan of a
State for the National Highway System.

(2) CONDITION OF NHS BRIDGES.—

(A) PENALTY.—If the Secretary determines
that, for the 3-yvear-period preceding the
date of the determination. more than 10 per-
cent of the total deck area of bridges in the
State on the National Highway System is lo-
cated on bridges that have been clasgified as
structurally deficient, an amount equal to 50
percent of funds apportioned to such State
for fiscal year 2009 to carry out section 144

(ag in effect the day before enactment of
MAP-21) shall be set aside from amounts ap-
portioned to a State for a fiscal yvear under
section 104(b)1) only for eligible projects on
bridges on the National Highway System.

(B) RESTORATION.—The set-aside require-
ment for bridges on the National Highway
System in a State under subparagraph (A)
for a fiscal year shall remain in effect for
each subsequent fiscal year until such time
as less than 10 percent of the total deck area
of bridges in the State on the National High-
way System is located on bridges that have
been classified as structurally deficient, as
determined by the Secretary.

35. Title 23-Highways Code of Federal Regulations (CFR) Part 490, Docket No. FHWA-2013-0053,
National Performance Management Measures; Assessing Pavement Condition for the National
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Highway Performance Program and Bridge Condition for the Nation Highway Performance
Program. Federal Register/Vol. 82, No. 11/Wednesday, January 18, 2017/Rules and Regulations.

SUMMARY: Tha Purpose of this final rule
is to establish measures for State
departments of transportation [State
D¥T) to use to carry out the National
Highway Performance Program (NHPP)
and to assess the condition of the
following: Pavements on the National
Highway System (WNHS) (excluding the
Interstate System), bridges carrving the
NHS which includes on- and off-ramps
connected to the NHS, and pavements
on the Interstate System. The NHPP is
a core Federal-aid highway program that
provides support for the condition and
performance of the NHS and the
construction of new lacilities on the
NHS. The NHPP also ensures that
investments of Federal-aid funds in
highway construction are directed to
support progress toward the
achisvement of perlormance largels
established in a State's assel
management plan for the NHS. This
final rule establishes regulations for the
new performance aspects of the NHPP
that address measures, targels, and
reporting. The FHWA is in the process
of creating a new public Web site to
help communicate the national
performance storv. The Web site will
likely include infopraphics, tables,
charts, and descriptions of the
performance data that State DOTs report
to FHWA, The FHWA issues this final
rule based on sec. 1203 of MAP-21,
which identifies national transportation
goals and requires the Secretary Lo
promulgate rules to establish
performance measures and standards in
specified Federal-aid highway program
areas.
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I. Executive Summary

A. Incorpeorating the FAST Act

On Decemboer 4, 2015, the President
signed the Fixing America's Surface
Transportation Act [FAST) Act [Pub. L,
114-94) into law. For the most part, the
FAST Act is consistent with the new
|}Hrﬁ}r::rmn1:ﬂ [:I'I.EI.TIHHHT[JHI'II H]E‘ITI‘E[JIE
introduced by MAP-21. For
convenience and accurate historical
context, this rule will refer to MAP-21
throughout the preamble to signify the
fundamental changes MAP=21 made Lo
States’ authorities and responsibilities
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for overseeing the implementation of
performance management. For this final
rule, there are bwo areas where the
FAST Act made changes to performance
management rlﬂ'!l:lir\ell'llr!l'll.‘d.

The first change is sec, 119(e)(7], title
23, United States Code (23 150G
1189(al(7]), which relates to the
requirement [for a significant progress
determination for NHFF targets. The
FAST Act amended this provision to
remove the term 2 consecutive
reports.” The FHWA has incorporated
this change into the final rule by
removing the term 2 conseculive
determinations,” which was proposed
in section 490.109{f] of the NPRM,
published January 5, 2015 (80 FR 326).
In section 490.108(f] of the NPEM,
FHWA proposed that if FHWA
determines that a State DOV has not
miade significant progress toward
achieving WHPP targets in two
consecutive FHWA determinations,
then that State DOXT would docoment
the actions it will take to achieve the
targels in its next Biennial Performance
Foport. The FAST Act changed this
requirement. Due to the FAST Act, the
final rule requires State DOTs to take
action when they do not make
significant progress for each biennial
determination [instead of 2 conseculive
biennial determinations] made hy
FHWA.

The second change made by the FAST
Act iz remowval of the term 2
consaculive reports” in 23 U500
1189(f)(11A), which relates to triggering
the penalty for Interstate pavement
condition that has fallen below the
minimum condition lavel established
under this rule. In section 490,317 of the
MNPRM, FHWA proposed that it would
determine annuallv whether or not a
State DOT s Interstate pavement
condition is balow the minimuwm
condition lavel. If FHWA detarmines
that a State DOT’s Interstate pavement
condition is below the minimuwm
condition lavel for the “most recent 2
years.” then that State DOT would be
suhject to the penalty under 23 ULS.C.
119(f)i1)(A) A description and example
application on this penalty is available
for review on the docket. Dus to the
FAST Act, the final rule subjects State
DHITs to the penalty under 23 UL5C.
119(H)01)0A) if FHWA determines that its
Interstate pavement condition has tallen
below the minimum condition level for
the most recent vear (instead of most
racent 2 yvears].

B, Purpose af the Begulatory Action

The MAP-21 (Pub. L. 112-141)
transforms the Federal-aid highway
program by establishing new
raquirements for performance
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management to ensurae the most efficient
investment of Federal transportation
funds. Performance management
increases the accountahility and
transparency of the Faderal-aid highway
program and provides a framework to
support improved investment
decisionmaking through a focus on
performance outcomes for key national
transportation goals.

As part of performance mansgement,
recipients of Federal-aid highway funds
will make transportation investments to
achisve performance targets that make
prograss loward national goals. The
national parformance goal for bridge
and pavement condition is o maintain
the condition of highwav infrastructure
assels in a state of good repair. The
purpose of this final rule is o
implemeant MAP-21 and FAST Act
performance management requirements.

Prior to MAP-21, thare were no
explicit requirements for State DOTs to
demonstrate how their transportation
program supported national
performance outcomes. State DOTs were
not required to measure condition or
performance, establish targets, assess
progress toward targets, or report on
condition or performance in & naticnally
consistent manner that FHWA could use
o assess the entire system. Without
State TOTs reporting on the above
factors, it is difficult for FHWA to look
at the affectiveness of the Federal-aid
highway program as a means to address
surface transportation performance at a
national level.

This final rule is one of several
rulemakings that DOT haz or is
conducting to implement MAP-21's
new performance managemsnt
framewaork. The collective rulemakings
will establish the lations needed to
more effectively a:;ﬁ-ﬁata and raport on
surface transportation performance
across the Mation. This final rule will:

* Require State DOTS Lo maintain
their bridges and pavements atl or above
a minimum condition level;

* Provide for greater consistency in
the reporting of condition and
performance;

+ Bequire the establishment of targets
that can be aggregated at the national
level;

e Improve transparcncy by requiring
consistent reporting on progress through
a public reporling system;

= Require State DOTs to make
significant progress toward meeting
their targets; and

« Establish requirements for State
DOTs that have not met or made
significant progress toward meeting
their targets.

State DOTs and metropolitan
planning organizations (MPO) will be

expected to use the information and
data generated as a result of the new
regulations to inform their
transportation planning and
programming decisions. The new
Eerfn:rrmam:n aspects of the Federal-aid

ighway program that result from this
rule will provide FHWA the ability to
hetter communicate a national
performance story and to more reliably
assess the impacts of Federal funding
investments, The FHWA is in the
process of creating a new public Web
site to help communicate the national
performance storv. The Web site will
likely include infographics, tables,
charts, and descriptions of the
performance data that State DOTs
would be reporting to FHWA.

The FHWA i= required to establish
performance measures to assess
performence in 12 areas ' generalized as
follows: (1) Serious injuries per vehicla
miles traveled (VMT]; (2] fatalities per
VBT, (3] number of sericus injuries; (4]
numbar of fatalities; [5) pavement
condition on the Interstate Svstem; (6]
pavement condition on the non-
Interstate NHS; (7] bridge condition on
the MHS: [8) traffic congestion: (9] on-
road mobile source emissions; (10]
freight movement on tha Interstate
Svstem; (11) performance of the
Interstate System; and (12) parformance
of the non-Interstate NHS., This
rulemaking is the second of three that
establish performance measures [or
Stata DOTs and MPOs to use o carry
out Faderal-aid highway programs and
t azsess performance in sach of thesa
12 areas. This final rmle establishes
national measures for pavemsent
condition on the Interstate Svstem and
non-Interstate NHS and bridge
condition on the NHS (numbers 5, & and
7 in the above list), Other rulemakings
have or will establish national measures
for the remaining areas.

State DOT= will be reguired 1o
establish performance targets and assess
performance in 12 areas ? established by
MAP-21, and FHWA will assess * their
progress toward meeting targets in 10 of
these areas 4 in accordance with MAP—
21 and the FAST Act. State DOTs that

U Thiso aresd ara listed within 25 U5 15000]
which requires the Secretary to establish moasures
Io assess performance or condition

< These areas are listed within 22 UL5.C 15Mc],
which requires the Seoretary to establich measures
[[EFE L] ||||rf|1r|||n:||:|| ar codition

F23 1150, 1460 and 23 LL5A 11917

4 Serinus injuries por vehicle VAT, fatalitios per
VBT, number of serious injuries; numbssr of
fatalities; pavement condition on the Interstate
Svatem: pavemunt condition on the mon-Interstale
WHS: brislge condition an tle MHS, parformancs of
the Interstate Svetem; and performance of the son-
Interstate NHE under MAP-21. Freight movement
on the [nterstate Systens under the FAST AcL
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fail to meet or make significant progress
toward meeting pavement and bridge
condition performance targets in a
biennial performance reporting period
will b rul:Ll.li.rl_:l.l o decumaent the actions
they will undertake to achieve their
tlargets in their next biennial
performance repaort.

This final rule establizshes
performance measures to assess
pavement and bridge conditions on the
Interstate System and non-Interstate
MNHSE for the purpose of carrying out the
NHFF. The four measures to assess
pavement copdition are: (1) Percentage
of pavements on the Interstate Svstem in
Good condition: [2) percentage of
pavements on the Interstate System in
Poor condition; [3) percentage of
pavements on the NHS Im-cf:lﬁﬁhnﬁ the
Interstate System) in Good condition;
and (4] percentage of pavements on the
NHS {excluding the Interstate Svstem)
in Poor condition. The two performance
measures for assessing bridge condition
are: [1) Percentage of NHS bridges
clagaified as in Good condilion: and (2]
percentage of NHS hridges classified as
in Poor condition.

This final rule also establizhes the
minimum level for pavement condition
for the Interstate Svstem as required by
the statute and incorporates the
minimiim condition level for bridges
carrving the NHS which includes on-
and eff-ramps connected o the NHS as
extablished by the statute. In addition,
this final rule establishes the process for
State DOTs and MPOs to 18e to
eatablish and report targets and the
process that FHW A will use to assess
the progress State DOTs have made in
achieving largels,

Lastly, FHWA recognizes that
implementation of the performance
mianagement rwuimmcllls in thiz final
rile will evolve with time for a variety
of reasons such as: The introdwction of
new technologies that allow for the
collection of more naticnally consistent
and/or reliable parformance data; shifts
in national priorities for the focus of a
goal area; new federal requiremenis; or
the emergence of improved approaches
10 mEpsure 1,:1_'||||:]'i1,i.r_|-nf[_u:rﬁ_|rlr|u.rll_;u in
supporting investment decisions and
national goals. The FHWA is committed
1o performing a relrospective raview of
this rule after the first performance
period, o assess the aﬁnclivanaﬂﬁ of the
raquirements to identifv any necassary
changas to better support invesimenl
decisions through performance-based
planning and programming and to
ansure the most efficient investmant of
Federal transportation funds. In
implementation of this rule, FHWA
raalizes that there are muliipla ways
that State DOTs and MPOs can maks



decisions to achieve more efficient and
cost effective investments; as part of a
retrospective review, FHWA will also
utilize implementation surveys to
identify how agencies complying with
the rule are developing their programs
and selecting their projects to achieve
targets.

Section 490.105 describes the process to
be used by State DOTs and MPOs to
establish targets for each of the four
pavement and two bridge measures. The
State DOTs will establish 2- and 4-year
targets for a 4-vear performance period
for the condition of infrastructure assets.

Section 490.107 identifies
performance reporting requirements for
State DOTs and MPOs. The State DOT
will submit its established targets in a
baseline report at the beginning of the
performance period and report progress
at the midpoint and end of the
performance period. State DOTs will be
allowed to adjust their 4-year target at
the midpoint of the performance period.
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Subparts C and D establish
performance measures and other related
requirements to assess pavement and
bridge conditions. In subparts C and D,
sections 490.305 and 490.405 establish
program-specific definitions to ensure
that the performance measures are clear
and consistent.

Sections 490.307 and 490.407 require
that State DOTs and MPOs use a total
of six measures to assess the condition
of pavements and bridges on the NHS.
The pavement measures will be
applicable to both Interstate and non-
Interstate NHS mainline roads and the
bridge measures would be applicable for
all bridges carrying the NHS which
includes on- and off-ramps connected to
the NHS. Both the pavement and bridge
measures will reflect the percentage of
the system in Good and Poor condition.
The measure calculations will utilize
data documented in the HPMS and in
the National Bridge Inventory (NBI).

Section 490.315 establishes the
minimum level for condition of
pavements on the Interstate System as
required by 23 U.S.C. 150(c)(3)(A)(iii).

Section 490.411 incorporates the
minimum level for condition of bridges
as required by 23 U.S5.C. 119(f)(2).
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PART 490—NATIONAL
PERFORMANCE MANAGEMENT
MEASURES

® 1. The authority citation for part 490
continues to read as follows:

Authority: 23 U.5.C. 134, 135, 148(i], and
150; 49 CFR 1.85.

m 2. Revise subpart A to read as follows:

Subpart A—General Information

Sec.

490,101 Definitions.

490.103 Data requirements.

490.105 Establishment of performance
targets,

490,107 Reporting on performance targets.

490.109  Assessing significant progress
toward achieving the performance targets
for the Mational Highway Performance
Program,

490.111 Incorporation by reference.

National Bridge Inventory [NEI) is an
FHWA database containing bridge
information and inspection data for all
highway bridges on public roads, on
and off Federal-aid highways, including
tribally owned and Federally owned

bridges, that are subject to the National
Bridge Inspection Standards (NBIS).

§490.103 Data requirements.

(a) In general. Unless otherwise noted
below, the data requirements in this
section applies to the measures
identified in subparts C and D of this
part. Additional data requirements for
specific performance measures are
identified in 23 CFR sections—

(1) 490.209 for the condition of
pavements on the Interstate System;:

(2) 490.309 for the condition of
pavements on the non-Interstate NHS:

(3) 490,409 for the condition of
bridges on the NHS;

§490.1056 Establishment of performance
targets.

(3) 490.407(c)(1) and 490.407(c)(2) for
the condition of bridges on the NHS.
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Subpart D—National Performance

Management Measures for Assessing

Bridge Condition

Sec.

490.401 Purpose.

490.403 Applicability.

490.405 Definitions.

490.407 National performance management
measures for assessing bridge condition.

490,409 Calculation of National
performance management measures for
assessing bridge condition.

490.411 Establishment of minimum level
for condition for bridges.

490.413 Penalties for not maintaining
bridge condition.

§490.407 National performance
management measures for assessing
bridge condition.

(a) There are three classifications for
the purpose of assessing bridge
condition. They are:

(1) Percentage of NHS bridges
classified as in Good condition;

(2) Percentage of NHS bridges
classified as in Fair condition; and

(3) Percentage of NHS bridges
classified as in Poor condition.

(b) [Reserved|

(c) To carry out the NHPP, two of the
three classifications are performance
measures for State DOTs to use to assess
bridge condition on the NHS. They are:

(1) Percentage of NHS bridges
classified as in Good condition; and

(2) Percentage of NHS bridges
classified as in Poor condition.

(d) Determination of Good and Poor
conditions are described in § 490.409.
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§490.411 Establishment of minimum level
for condition for bridges.

(a) State DOTs will maintain bridges
so that the percentage of the deck area
of bridges classified as Structurally
Deficient does not exceed 10,0 percent,
This minimum condition level is
applicable to bridges carrying the NHS,
which includes on- and off-ramps
connected to the NHS within a State,
and bridges carrying the NHS that cross
a State border.

(b) For the purposes of carrying out
this section and §490.413, a bridge will

100x

be classified as Structurally Deficient
when one of its NBI Items, 58—Deck,
59—Superstructure, f0—Substructure,
or 62—Culwverts, is 4 or less, or when
one of its NBI Items, 67—Structural
Evaluation or 71—Waterway Adequacy,
is 2 or less. Beginning with calendar
vear 2018 and thereafter, a bridge will
be classified as Structurally Deficient
when one of its NBI [tems, 58—Deck,
59—Superstructure, G0—Substructure,
or 62—Culverts, is 4 or less.

Structurally Deficient
SD=1

(c) For all bridges carrying the NHS,
which includes on- and off-ramps
connected to the NHS and bridges
carrying the NHS that cross a State
horder, FHWA shall calculate a ratio of
the total deck area of all bridges
classified as Structurally Deficient to the
total deck area of all applicable bridges
for each State. The percentage of deck
area of bridges classified as Structurally
Deficient shall be computed by FHWA
to the one tenth of a percent as follows:

[Le ]"lgth Wi dth] Bridge SD

TIOTAL [Length xWidth]gigge s
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Where;

Structurally Deficient = total number of the
applicable bridges, where their
classification is Structurally Deficient
per this section and § 490.413;

50 = a bridge classified as Structurally
Deficient per this section and & 490.413;

Length = corresponding value of NEI [tem
49—5Structure Length for every
applicable bridge;

Width = norresponding value of MBI Item
52—Dack Width

Beginning with calendar vear 2018 and
thereafter, Width = corresponding value
of MBI Item 52—Dweck Width or value of
Item 32 Approach Roadway Width for
culverts where the roadway is on a fill
[i.e., traffic does not directly run on the
top slab (or wearing surface) of the
culvert] and the headwalls do not alfect
thie Mow of tralfic for every applicable
bridge.

& = an applicahle bridge per this section and
£490.413; and

TOTAL = total number of the applicable
bridges specified in this section and
£ 400.413.

(d) The FHWA will annually
determine the percentage of the deck
area of NHS bridges classified as
Structurally Deficient for each State
DOT and identify State DOTs that do
not meet the minimum level of
condition for NHS bridges based on data
cleared in the MBI as of June 15 of each
year. The FHWA will notify State DOTs
of their compliance with 23 1,5.C.
119(f)(2) prior to October 1 of the year
in which the determination was made.

(2] For the purposes of carrying out
this section, State DOTs will annually
submit their most current NBI data on
highway bridges to FHWA no later than
March 15 of each year.

(f) The MBI Items included in this
section are found in the Recording and
Coding Guide for the Structure
Inventory and Appraisal of the Nation's
Bridges, which is incorporated by
reference (see §490.111).

§430.413 Penalties for not maintaining
bridge condition.

(a) If FHWA determines for the 3-year
period preceding the date of the
determination, that more than 10.0
percant of the total deck area of bridges
in the State on the NHS is located on
bridges that have been classified as
Structurally Deficient, the following
requirements will apply.

(1) During the fiscal year following
the determination, the State DOT shall
obligate and set aside in an amount
equal to 50 percent of funds
apportioned to such State for fiscal vear
2009 to carry oul 23 U.S5.C. 144 [as in
effect the day before enactment of MAP-
21) from amounts apportioned to a State
for a fiscal vear under 23 U.5.C.
104(b)(1) only for eligible projects on
bridges on the NHS.

(2) The set-aside and obligation
requirement for bridges on the NHS in
a State in paragraph (a) of this section
for a fiscal vear shall remain in effect for
each subsequent fiscal year until such
time as less than 10 percent of the total
deck area of bridges in the State on the
NHS is located on bridges that have
been classified as Structurally Deficient
as determined by FHWA.

[b) The FHWA will make the first
determination by October 1, 2016, and
each fiscal year thereafter.

[FR Doc. 2017=00550 Filed 1=12<17; 4:15 pm|
BILLING CODE 4910-22-9
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35a. Title 23-Highways Code of Federal Regulations (CFR) Part 150: National goals and performance
management measures

§150. National goals and performance management measures

(a) Declaration of Policy.-Performance management will transform the Federal-aid highway program and
provide a means to the most efficient investment of Federal transportation funds by refocusing on national
transportation goals, increasing the accountability and transparency of the Federal-aid highway program,
and improving project decisionmaking through performance-based planning and programming.

(b) National Goals.-It is in the interest of the United States to focus the Federal-aid highway program on
the following national goals:

(1) Safety.-To achieve a significant reduction in traffic fatalities and serious injuries on all public roads.

(2) Infrastructure condition.-To maintain the highway infrastructure asset system in a state of good
repair.

(3) Congestion reduction.-To achieve a significant reduction in congestion on the National Highway
System.

(4) System reliability.-To improve the efficiency of the surface transportation system.

(5) Freight movement and economic vitality.-To improve the National Highway Freight Network,
strengthen the ability of rural communities to access national and international trade markets, and support
regional economic development.

(6) Environmental sustainability.-To enhance the performance of the transportation system while
protecting and enhancing the natural environment.

(7) Reduced project delivery delays.-To reduce project costs, promote jobs and the economy, and
expedite the movement of people and goods by accelerating project completion through eliminating
delays in the project development and delivery process, including reducing regulatory burdens and
improving agencies' work practices.

36. AASHTOWare Bridge Management (BrM) Software Version 5.1.2 White Paper
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What is 5.1.27 AASHTOWare Bridge Management software (BriM)
5.1.2 s AASHTO's bridge inspection software tool, providing a means
for agencies to inventory and inspect their structures following
AASHTO's Guide Manual for Bridge Element Inspection, and meet
Mational Bridge Inspection standards. The software expands upon the
existing software archilecture and incorporates and builds off of
features included in previous versions. In addition to providing
agencies with the tool to complete their National Bridge Elemant
(NBE) inspections, this new version lays a foundation for the future 5.2
release. The software has been carefully developed under the
guidance of State DOT representatives.

Also known as Pontls 5.1.2, the soltware
improves the ability to collect inspection
data including the new National Bridge

What can 5.1.2 do for me? Agencies operating version 5.1.2 Elements in both a standalone and web-

can implement the AASHTO NBE and Bridge Management Elements P25 enterprise mode.

(BME) and access new fealures and capabilities. This software's development is based on advancements in
state-of—the-art technology, current agency best practices, and extensive user feedback. Version 5.1.2
provides the following:

Fully incorporates AASHTO's new National Bridge Elemenits

In 2011, AASHTO adopted the Guide Manual for Bridge Element Inspection, which supporis a new
inspection approach built off of the previous AASHTO Guide for Commaonly Recognized (CoRe) Structural
Elements. 5.1.2 incorporates these new elements, allowing agencies lo creale a delailed NBE/BME based
bridge invenlory and inspeclion program. Also, agencies can migrate their existing CoRe elements with an
easy-to-use, supplemental AASHTO Migration tool. The NEEs and EMEs provide an improved method for
recording bridge condition information and will be the feundation for improved bridge management lools in
version 5.2 (described in more detail in a separate White Paper).

+= FEasier data transfer capability
Version 5.1.2 supperts bridge inspection data transfers and imports. In addition o the standard Pontis
Data Interface (PDI) text files, 5.1.2 now supports XML import and output of infarmation. This new
capability provides easier and more efficient integration of the software with other programs and transfer of
data between field computers.

»  Speed and Usability Enhancementis
Mumerous user-requested enhancements have been provided in this release. Changes to improve the
speed and performance of the software and a number of minor features and enhancements were made
based on user feedback, These enhancements include better picture handling via a new multiple photo

uploader, integration of element manual pages, and new layouts, fonts, and icons to improve element
identification and data entry.

* Prepares Inspection Data for Use by BrM 5.2 Release

5.1.2 improves the utility of agencies’ bridge inspection data and lays the groundwork for the next
generation of AASHTO's Bridge Management Software requirements by ensuring data is in the correct
format. BrM 5.1.2 prepares agencies’ inventory data for the multi-objective, risk assessment, trade-off
analysis, and deterioration modeling tools in 5.2.
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What are the Advantages of 5.1.27 The

AASHTOWare Bridge Management software is fully === e e e A e ol

supported and maintained by AASHTO. Its’ e R s e

development and features are consistent with AASHTO s '"_'_':__ = —

guidelines and maet FHWA regulatory reguirements. BRE P o e e ar

As with other AASHTOWare products, Bri is T st e

administered and overseen by a task force of State DOT - o e e —— .

representatives. Version 5.1.2 has undergone T .

numerous enhancements that will provide distinct

advantages to the users. These advantages include: AASHTOWare Bridge Management fully

+  Befler representation of bridge conditions with ::gm’s;;“:fmneﬁrgg;m::msﬂﬁteg;:"ts
National Bridge Elements {above). New features such as the multiple photo

+  Agency fexibility to meet specific needs with support  uploader have been added (below).
for agency defined Bridge Management Elemenls
* nclusion of new Protective Systems and Defect R .
Flags that may be aftached fo individual elements fp— == Rt —_—
* Improved installation and updated user manuals Sl -4 5 B
» Speed and performance improvements —l=wm
+ Improved customer support for technical and =
adrministrative gueslions T

How can | Implement 5.1.27

Current AASHTOWare licensees can request 5.1.2, or newer releases, via the AASHTOWare Bridge
Management Support Desk at the website shown below. Mew entities interested in obtaining or evaluating
5.1.2 can request a copy from AASHTO. For agencies currently running an earlier version and wishing to
upgrade, the following steps should be taken in regards to the software:

+  Use the AASHTO migration tool to convert existing CoRe element data into NEE/BME data.

+ Ensure that your agency database is in SQL or Oracle (Sybase no longer supported).

=  Convert any legacy InfoMaker reports inta Crystal Reports format.
AASHTO offers full support during the conversion process. Additionally, new and existing licensees that have
advanced customization, on-site training, data migration services, and integration with other agency systems
can purchase and use AASHTO service units with the Brid designated developer and support provider.

particular effort has been established over the past several years, 5.1.2 represents the first phase of a vastly
improved software suite as a prelude to 5.2 development efforts. For the latest information and training videos
please refer to the website at: hitp:/aashtowarebridge.com/,
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37. AASHTOWare Bridge Management (BrM) Software Version 5.2 White Paper

What is BrM? BrM (formerly Pontis) is a powerful Bridge
Management Software tool that is used by over 44 State, Federal,
local, and international agencies. The software has been
developed over the past 20 years through extensive research and
users' feedback. It originally started as an FHWA project to meet a
critical national need, then was transferred to AASHTO to be part of
AASHTOWare's cooperative software development efforts.
Agencies utilize the BrM software for a range of bridge asset needs:
bridge inventory and inspection data storage, deterioration
modeling, project planning, and network budget and performance
analysis.

What can BriM 5.2 do for me? The next generation of BrM
will be a significant advance in bridge management analytical
software. Based on extensive user feedback, advancements in
state of the art technology, and current agency best practices,
version 5.2 will:

Bridge Management Software

* Fully incorporate AASHTO'’s new National Bridge Elements
In 2010 AASHTO adopted the Guide Manual for Bridge Element Inspection, which supports a new
improved inspection approach building off of the previous Commonly Recognized Elements (CoRe). BrM
5.2 will fully incorporate all management activities using this new AASHTO guide.

* Easier to use and equipped with more features
The 5.2 user interface will be significantly improved to allow for a simplified approach to managing the vast
amount of data and utilizing new features present in the software. The simplified user interface will better
support the wide range of users throughout an agency and their unique needs.

s Better align with State DOT business practices
Redesigned project programming module will incorporate user feedback and current agency best practices
to allow for a more flexible approach for planning, organizing, and grouping needs at bridge, project, or

program level.
What are the Advantages of Bri1 5.22

BrM is fully supported and maintained by AASHTO.
Its development and features are coordinated with
AASHTO guidelines and meets FHWA regulatory
requirements. As with other AASHTOWare products
it is administered and overseen by a task force of
State DOT representatives. Advantages include:

* Proven Element Level Approach

e Full support for Multi-Objective Optimization
Analysis

Advanced Deterioration Models

BrM fully incorporates AASHTO’s National Bridge _ :
Elements including Protective Systems and Defect Flags. * Froject and Needs Programming to support State
DOT's unique business practices
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Wh Main Fi f Version 5.27

5.2 builds off of the successes and lessons learned in earlier versions to
dramatically improve the software's features and usability for agencies.
Some of the many new features that will be supported are:

* Full Incorporation of Risks: Agencies will be able to select from
risks such as seismic, scour, and agency specific risks to develop risk
matrices and related risk mitigation solutions and priortize the risks
against compeating needs.

* Enhanced Deterioration Models: The use of new National Bridge
Elements will enable significant improvements to current deterioration
models in Brivl, A new approach based on realistic deterioration
models will be incorporated. The development of the deterioration
models will be simplified and easier fo understand and adapt.

s Life Cycle Cost Analysis: LCCA is a powerful project evaluation tool
that will be expanded and presented in an easy to understand manner,
The new LCCA tools will allow the agency to fully understand the total
costs associated with project level decisions they make. The project
planning tool will allow agency planners to evaluate various project
options on the fly with clear presentation of the life cycle costs
associated with each alternative.

* Project Planning: The new project planning modules will allow for
major enhancemeants and greater flexibility in planning projects. The
software will allow for easy identification of bridge, project, or program
needs and the calculation of associated relative benefits.  The
approach can support middle-out, top-down, or bottom-up models for
creation of programs within an agency. Version 5.2 will have the ability
to do corridor and group based planning and better incorporate
maintenance and presenvation recommendations.

s Web Enabled: The software will be fully web-enabled for secure
anytime/most anywhere access.

s Enhanced Reporting and Data Exchange: Numerous features within
the software will be made simpler to use and offer technology
upgrades, This includes but is not limited to revamped reparting
modules as well as the new ability to fransfer data in XML format.

What is the Plan for Release?

The AASHTOWare Bridge Task Force has already conducted significant foundation work in the research and
planning for Brid 5.2, The software modules to incorporate the new AASHTO Mational Bridge Elements for
bridge management will be released in phases. Each phase will build upon previous work and modules by
adding new features. A brief summary of the anticipated phases is as follows;

* Phase |: Risk assessments, integrated utility functions, and network corridors
*  Phase ll: Implementation of significantly improved deterioration models and mulli-objective analysis
+  Phase |II: Full completion including integrated project planning and all administrative features
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38. TRB Committee on Structure Maintenance (AHD30)
Scope of Committee

Scope: This committee is concerned with materials, equipment and procedures related
to the diagnosis, planning and implementation of inspection, preservation, repair,
rehabilitation, strengthening and upgrading of transportation structures including bridges,
box culverts, tunnels, retaining walls or similar structures.

39. TRB Committee on Bridge Management (AHD35)
Scope of Committee

Scope: This committee is concerned with selection and evaluation of cost-effective programmatic
optimal strategies for comprehensive management of bridges and structures. It is concerned with

identifying and communicating critical data needs and vulnerability assessments for their effective life-
cycle cost analysis and management.

40. TRB Bridge Preservation Committee (AHD37)
Mission Statement and Objectives of Committee
The TRB Bridge Preservation
Committee mission is to establish
broad bridge preservation
research guidance and facilitate
coordination between the TRB
bridge technical committees
under a common bridge
preservation theme.

The objectives of the committee
are to foster bridge preservation
research that focuses on how to
define and measure cost effective
bridge network management,
cost effective maximization of
structure life, and the correlation

of preservation activities, timing,
performance and measured
outcomes.
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41. Bridge Preservation A State DOT Perspective, Michael B. Johnson, California Department of
Transportation
TRB Bridge Preservation Meeting, Washington DC, January 2010

Bridge Preservation Research Needs

s Materials
Joints
» Need better joints or joint free designs
Reinforced Concrete Decks
» Corrosion and cracking are king.
» Deck performance and treatment performance.
Protective Coatings
» Durable environmentally friendly paints.
» Minimal prep work.
Improved Materials
s [FRP, Stainless, etc.

» Tools to help incorporate into bridges.

Bridge Preservation Research Needs

s F.conomic Decision Making
Need Simple LCCA tools

Measuring benefit is the key to evaluating alternative
actions/projects/assets.
= How to quantify the risks in preservation decision making.

» How to quantify benefits of an action or project.
Develop better ties between BMS and Money.
Need to quantify extended life of preservation.

Capture all bridge condition defects in modeling.
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Bridge Preservation Research Needs

= Needs and Benefit Marketing
Need to develop better ways to market the benefits
of bridge preservation.
Performance measures need to move beyond
structurally deficient and functionally obsolete.
Performance measures of risk mitigation are needed.

Need national consistency of petforma.nce measure
inputs.

42. Defining Bridge Preservation, Michael B. Johnson, P.E., Basak Aldemir-Bektas
TRB Annual Meeting Joint Sub-Committee on Bridge Preservation, Washington DC, January 2011

What is 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
condition and extend their useful life. Preservation actions may be preventative
or condition-driven. (AASHTO — T9)

.... To extend the performance life of as many bridges as possible and
minimize the need for costly repairs or replacement. (BIRM)

... Long term planning to make decisions that are cost effective in the long
run. Minimizing costs over the long run while providing the desired level of
service. (MBE)
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Conclusions

® Activities that the majority of respondents classified as

preservation:
Deck Protection Systems Deck Crack Sealing
Deck Wearing Surfaces Joint Seal Replacement
Epoxy Injection of Cracks Fatigue Mitigation
Bridge Painting Scour Mitigation
Installing Rip Rap Installing Slope Paving
Installing Bird Netting Resetting Bearings
Conclusions

® Formal definitions of bridge preservation cover actions
considered maintenance, preservation and rehabilitation.

® Definitions of maintenance and preservation are
ambiguous.

® Clear definitions of maintenance and preservation will
require classifying specific bridge actions.

® Actions defined as maintenance more than triple those
defined as preservation

43. Bridge Preservation Performance Measurement, Michael B. Johnson, P.E.
TRB Annual Meeting Joint Sub-Committee on Bridge Preservation, Washington DC, January 2012

Presentation Outline

Key performance measurement components.

What extent of the asset to measure?

Existing bridge performance measures.

Key components for bridge preservation
performance measurement.

Trend analysis as a measure.

Conclusions
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Preservation is Action Based

m Previous TRB Bridge Preservation Committee
consensus preservation actions.

Mainly element (E) preservation items

Intervention Curve

& LifeExtension =

10 15 20 30 40 50 60 70 80

Deterioration Preservation

BLLCCA can be used to determine cost savings but doesn’t
capture the relationship between elements
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Conclusions

m Preservation performance measurement is action
based. Actions are not standardized.

m Benefits are often on associated bridge elements
where quantification is elusive.

m The level of measurement Matters (route/bridge/clement).

m Typical deterioration model analysis applies to
the protecting element not the protected one.

m Trend analysis can be effectively used, but isn’t
directly measuring preservation benefits.

Conclusions
m Research is needed to relate the condition of a

protection system ot treatment to the expected
performance of the preserved element(s).

m Key preservation parameters are not easily

quantified.
1 Reduced future cost
Life expectancy gain

Protection of asset value
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44. Analysis of the Causes of Bridge Replacement in California, Michael B. Johnson, P.E., Paula J.
Allec, California Department of Transportation
TRB Annual Meeting Joint Sub-Committee on Bridge Preservation, Washington DC, January 2014

INTRODUCTION

Bridge Preservation has focused attention primarily on
design, construction and preservation techniques to
extend the useful life of bridge components and thus the
bridge itself.

BUT....
Are there other preservation considerations?

s lack of durability driving replacements?

CONCLUSIONS

Replacement causes difficult to determine with existing
data. Consistent data in this area is needed.

State level analysis consistent with national findings.

Functional needs drive a significant percentage of
replacements

Effective bridge preservation should include functional
adaptability

Research is needed to collect and document best

practices on-how-to-btitd-n-futtre-capabilities for width,

load capacity, clearances, efc.
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45. AASHTO Committee on Maintenance, Bridge Technical Working Group (BTWG)
Strategic Plan, September 18, 2015

Goal 1: Improve bridge preservation and maintenance practices.

Strategic Objective 1: Evaluate and promote the development, use, and integration

of innovative technologies, materials, and design to support bridge preservation and
maintenance activities.

Strateqic Objective 2: Develop, improve, and promote, the use of bridge
preservation and maintenance principles for applications in bridge management

systems, asset management systems, performance measures, network level
programming, and condition assessments.

Strategic Objective 3: Solicit and provide support for bridge preservation and

maintenance research needs from member states, bridge preservation partnerships,
and national committees.
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Goal 2: Communicate the exchange of information on bridge preservation and
maintenance.

Strategic Objective 1: Communicate and share information on state-of-the-art
practices with member states through mutual participation in regional bridge
preservation partnerships and national organizations dedicated to bridge preservation
and maintenance.

Strategic Objective 2: Share information and educate stakeholders on the
benefits of employing bridge preservation strategies to provide for the most efficient use
available funds.

Goal 3: Assist member states in implementing bridge preservation and maintenance,
safety, and environmental programs and practices.

Strategic Objective 1: Assist in the maintaining and updating the AASHTO
Maintenance Manual sections on Bridge Maintenance and Management,

Strateqic Objective 2: Assist the four regional bridge preservation parinerships.

Strateqgic Objective 3: Identify and document the community of practice for bridge
preservation and maintenance,

Strateqic Objective 4: Support the use of the Transportation System Preservation
Technical Service Program (TSP 2} web site.

Strategic Objective 5: Promote public safety in the workforce, work zone, and
eguipment operations.

Strategic Objective 8. Promote environmental stewardship and compliance.

Goal 4 Sustain and improve the legacy knowledge base for Bridge Preservation and
Maintenance

Strateaic Objective 1. |dentify knowledge and technology gaps and undertake
future research projects and domestic scans through the Transportation Research
Board, the FHWA and AASHTO.

Sirategic Objective 2: Identify and address succession planning in the bridge
preservation and mainlenance arena.
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Goal 5: Develop partnerships with transportation stakeholders.

I i jective 1: Interact with and coordinate activities with other bridge
presarvation and maintenance organizations,

Strategic Objective 2: Jointly sponsor and undertake workshops, webinars, and
seminars that focus on highway bridge preservation and maintenance.

SCOM Strategic Focus Areas

The Six “Strategic Focus Areas” for SCOM and the BTWG are as follows:

» Safety (Goal: A safe, reliable highway system in a state of good repair.)
Asset Management (Goals: A safe, reliable highway system in a state of good
repair; accountability and transparency through performance management.)
Environmental (Geoal: Environmental stewardship and compliance. ),
Workforce Development {Goal: A well-gualified and competent workforce. )

Communication (Goal: The communication of the value and role of
maintenance.), and

» Research (Goal: Research, innovation and emerging technology.)
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46. AASHTO Committee on Maintenance
Strategic Plan, September 22, 2018

GoaL 2: ASSET MANAGEMENT
Accountability and transparency through performance management

2.1 Performance Measures
Identify, develop and promote meaningful maintenance performance
MEAsUres.
2.2 Performance Management
Identify and proactively share performance management best practices,
2.3 System Preservation
Identify, promote and support best practices in system preservation
methods and procedures,
2.4 Asset Management Systems
Identify, promote and support best practices in asset management,

2.5 Accountability and Transparency
Identify, promote and support practices by which transportation infrastructure
owners can demonstrate their maintenance decisions and results.

GoaL 5: COMMUNICATION
Promote the communication of the value and role of maintenance.

5.1 Marketing
Support and share innovative marketing strategies and opportunities that
promote the value of maintenance in general and successful strategies in
particular.

5.2 Outreach and education
Proactively promaote, support and share best practices in maintenance activity
outreach and education to executives, elected officials and the traveling public.

5.3 Research products and implementation
Promote and support best practices in marketing product research
and product implementation successes.

GOAL 6: RESEARCH
Promote research, innovation and technology.

6.1 Research Needs
Proactively and strategically identify maintenance research needs,
6.2 Research findings
Proactively promote, support and share the latest research findings and
associated best practices.
6.3 Innovation
Proactively seek and share the latest innovations and associated best practices.
6.4 Technology Adaptation to Maintenance
Promote and share best practices in how and where technology has
adapted to maintenance.
6.5 Maintenance Adaptation to Technology

Promote and share best practices in how and where maintenance
practices and procedures have adapted to changes in technology.
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47. The Maintenance Manager, November 2017
AASHTO Maintenance Committee
Bridge Technical Working Group (BTWG)

The AASHTO Maintenance Manual For Roadways and
Bridges is being updaied under NCHREP Project 20-07/Task
380 —his update is scheduled to e completed by Thecember

52017,

The AASHTO TSP-2 Bridee Preservation Partnerships have
fermad a National Bridge Preservation Bridge Management

Ewstem Working Group.

The seape for the working group folloews;

e Promote the development and |/ or adeption of best
practices for the evaluation of cost effective bridge
mianagement systems to extend the service lives of

bridges and save monsy,

o [Revelop general guidance o give practitioners
nationwide, @ reliable way o determine what actions |
best practices are needed when evaluating, planiing,

and execuling bridge preservalion projects,

¢ Promote awareness among brdge practitseners of the
finamciol benefits of supporting the use of best BMS

praciices,

o Monibor and share the nattonal development of

mianagement systems as they evolve,

The leadership team for this group is:

Cia-Chair:
Cio-Chair:

Cran Muller, MCOWOT

Vice-Chair:  Todd Springer, VDOT
Secretary:  Jeff Milton, VDOT

The Bridge Technical Working Group leadership team is
working to develop a marketing package to communicate the
value of system preservation to elected officials, the general
public and state DOT executives. The leadership team will

Crawid Jundunen, MEOT

involve the Regional Bridge Preservation Partnerships in this
effort through conference calls and emails.

The FHWA Bridge Preservation Expert Task Group is
working to update the FHWA Bridge Preservation Guide.

48. AASHTO Subcommittee on Bridges & Structures, T-9 Bridge Preservation, Annual State Bridge

Engineers’ Survey (2015)
Includes information related to:

o Self consolidating concrete (SCC) (does MDOT have a SCC specification)
e Soundwalls/earth-retaining strutures (does MDOT keep data element information for

these types of structures in the database?)

e Structural health monitoring program (does MDOT have any structural health
monitoring and if so is it maintained in the database?)
e Height detection devises (does MDOT have any detection devices installed on bridges

and if so are they in the database?)
e Service-life design
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Bridge deterioration models (does MDOT have any bridge deterioration model
information and is it in the database?)

Durability criteria

Bridge preservation activities (does MDOT have bridge preservation activities and if so
how is this information stored/accessed and where does it reside?)

49. AASHTO Subcommittee on Bridges & Structures, T-9 Bridge Preservation, Annual State Bridge
Engineers’ Survey (2016)
Includes information related to:

Bridge files/records and record retention

Database systems/software used for data elements

Types of overlays used for bridge decks

MASH compliant bridge barriers (Is MDOT collecting this information in the database?)
EPA asbestos-containing materials (Is MDOT collecting this information in the
database?)

Pile installation testing (where is this information kept by MDOT?)

Bridge inspection data (paper vs. electronic files)

Ride quality specification (does MDOT have a ride quality specification?)
Non-destructing testing of drilled shafts (does MDOT test drilled shafts and if so where
is the information kept?)

Chloride content testing in bridge decks (does MDOT test bridge decks for chloride
content and if so where is the information kept?)

50. AASHTO Subcommittee on Bridges & Structures, T-9 Bridge Preservation, Annual State Bridge
Engineers’ Survey (2017)
Includes information related to:

Deck deterioration protocols

Underwater inspection & acoustic imaging data storage & videos (where is this
information kept by MDOT?)

Corrugated metal pipes (CMP) data elements (does MDOT have any data element
information for load rating and if so where is the data element information kept?)
Criteria for bridge rehabilitation vs. replacement (does MDOT have criteria to make
decisions concerning when to repair/rehabilitate a bridge vs. replacement and if so
where is the criteria kept?)

Service-life prediction software (does MDOT use service-life prediction software and if
so where is the information kept?)

Drilled shaft integrity testing (does MDOT test drilled shafts and if so where is the
information kept?)

3-D and Bridge Information Modeling (BrIM) (does MDOT have any 3-D or BIM data
elements and if so where is the information kept?)

Weigh-in-motion for load monitoring (does MDOT have any weigh-in-motion data
elements and if so where is the information kept and how is it being used?)

LIDAR or imaging sensors scanning (does MDOT have any of this information/data in the
database?)

Fencing on bridges (does MDOT have fencing on bridges and is it kept in the database?)
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Bridge preservation program (does MDOT have a bridge preservation program?)

Fiber reinforcing specifications (does MDOT have a specification for fiber reinforcing to
control and/or minimize cracking?)

Soil corrosion testing and/or evaluations (does MDOT collection this information and is
it kept in the database?)

Type of concrete used in bridges (does MDOT specify this information and where is it
kept in the database?)

Durability specifications (does MDOT have a specification for durability?)

Type of reinforcing (e.g., uncoated/black, epoxy, stainless steel, corrosion resistant)
used in bridges (does MDOT specify this information and where is it kept in the
database?)

51. AASHTO Subcommittee on Bridges & Structures, T-9 Bridge Preservation, Annual State Bridge
Engineers’ Survey (2018)
Includes information related to:

Utilities on bridges (does MDOT have utilities on bridges and are they kept in the
database?)

Retaining walls (does MDOT keep data element information for retaining walls in the
database?)

Hydraulics design part of bridge team organization

Who prioritizes bridge replacements/repairs

Elastomeric bearing pad testing (does MDOT require testing and if so where is the
information kept in the database?)

Bridge preservation program (does MDOT have a bridge preservation program?)
Structural repair plans (does MDOT prepare repair plans and if so where are they kept in
the database?)

Repair procedures (does MDOT have documented bridge repair procedures and if so
where are they kept in the database?)

Estimated service life

Deck overlays (does MDOT use deck overlays either for new construction or for repairs
and if so where is the information kept in the database?)

Bridge priority software (does MDOT use software to prioritize bridges?)

Life-cycle costs (does MDOT keep records of bridge costs and if so where is the
information kept in the database?)

Ultra-High Performance Concrete (UHPC) (does MDOT have a UHPC specification)
Self consolidating concrete (SCC) (does MDOT have a SCC specification)
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52. AASHTO Subcommittee on Bridges & Structures, T-18 Bridge Management Evaluation &
Rehabilitation, AASHTOWare Bridge Management Update, June 25, 2019.

o

42 State DOT licenses of AASHTOWare Bridge Management (BrM), MDOT included
35 State DOT licenses of AASHTOWare Bridge Load Rating (BrR), MDOT included
16 Agency licenses of AASHTOWare Bridge Design (BrD), MDOT included

Web integration capabilities

Metric reporting/data for level of FHWA compliance

Improves efficiencies with IT departments

BrM 6.3 release scheduled for Fall 2019

Notifications via email for process completion activities

Provides framework for adding other asset types in the future (e.g., walls, signs)
Investment strategies & plans pyramid

AASHTOWare bridge design (BrD) and load rating (BrR); data integration

BrM 7.0 Beta testing

Next releases to include; improved reporting, web service integration, data integration
(TPF-5(372) Building Information Modeling for Bridges and Structures

Task Force members (MDOT does not have a representative on the task force)

FY2019 BrM Licensees

"
County/City State
Los Angeles Co CA
City of Phoenix AZ
Penn. Turnpike PA
Richmond Metro Auth VA
FHWA DC
42 State Departments of Transportation Map Key
+ District of Columbia & Puerto Rico Non- Licensee
liranesa
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Bridge Rating Licensees (FY19)

City/County/Territory

Kansas Turnpike

NY State Thurway

Army Corps of Engr

9 Cities

99 Counties

Other

14 Universities

673 Consultant

35 State Departments of Transportation +

Map Key

Non- Licensee

Manitoba, District of Columbia & Puerto Rico |

Licensee

BrM 6.2 Features

Added Web Services functionality for future communication and data
sharing with AASHTOWare Bridge Rating (BrR).

Added Program Comparison tool for comparing similarities and
differences of the two programs.

Added the “23 Metric Report — As of Date” report that determines the
level of FHWA compliance for each selected bridge as of the selected date.

Various bug fixes and miscellaneous items.

Page 108 of 215

Appendix Page 135




AASHTOWare Bridge Integration
through Web Services

Bri'| Bridge

e/ |

Funded by the AASHTOWare Research, Innovation, and Product
Improvement (RIPI) Program

Phase 1 complete with BrM 6.0 release
+ Framework ready and available within BrM.

« BrM has ability to send and receive load rating information to and from
BrDR.

Phase 2 planned for completion with BrDR 7.1 release in 2020

+ Complete the same framework in the BrDR software as already completed in
BrM.

« Will have the interface and ability to send and receive load rating

information to and from BrM. -
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. mayvue|solutions
BrM Hosting =4_Ir —

A hosted BrM application improves the user experience by:

1.

Allowing BrM users to focus on asset management, not software upkeep;

2.

Generating faster support and resolution of issues as Mayvue doesn’t have to

acquire the state’s database to begin troubleshooting;

3. Eliminating the need for the BrM users to participate in the troubleshooting;

4.

Removing wasted time waiting for your IT department to step in and help;

S. Testing the BrM site in your State's exact environment (shared workspace);
a——

BrM 6.3 Release — Component Level Deterioration

* Formerly called NBI Deterioration

» Allows users to evaluate multiple deterioration
profiles for each component of a bridge

» Users can configure their own model
parameters to create a custom profile that will
be applied on a per bridge basis when
modeling

* Development of this enhancement is being
spearheaded by Michigan and Texas DOTs (R
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BrM 6.3 Release — Scheduled Processes

» Schedule certain BrM services to be run at
regularly scheduled intervals (e.g. weekly or
monthly)

* Run scheduled process-intensive tasks (e.g.
sufficiency rating calculations) during off peak
hours

» Designated personnel will be notified by email
confirming successful completion of the process

« Champions are the Alabama and Virginia DOTs -
BrM 6.3 Release — Tunnel Work Candidate

» High priority enhancement identified by multiple
states

* Functions similar to the Bridge work candidate
page, but will use multi-asset actions

» Establishes the framework for the future state of
BrM where other asset types can easily be
included (e.g. walls and signs)

Page 111 of 215

Appendix Page 138



‘ Investment Strategies & Plans

Performance Target |

Alternative Strategies

Bridge

Objectives & Financial Plan — 10 year
Measures costs and annual needs
Strategy to

minimize life Y
cycle costs

Work Types
Lifecycle Planning ; .,/7 & Costs

Performance i .
Deterioration

Segments Benefits

Target \
S NB':;’;‘::;“““ NBI D‘:;:‘:”t'on Element Deterioration Rates Models
Utility Weight Profiles Default Utility Tree Id entify &
/ Wark Candidates Inspection Data 4’-________-____— Assess Risk
Evaluate & NBIS requirements, Summary
Prioritize Risk Listing of Bridges & Condition

Coming releases (Cont'd)

» /.0 Beta testing
» Beta TAG kicked off testing on March 19
» Beta 3 released on June 3

» Modernized system has more than 2
million lines of code, user interface has
more than 800 windows
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» /.0 Beta tesiing

» Strategy is to divide and conquer
based on sfructure types,
configurations and features

» 32 Beta testers from 18 agencies

» |[dentify testing gaps to be filled by
third-party testing

Next release (Cont’'d)

» Improved and additional reporting
capabillities

» 17 recommendations from BrDR Report
TAG

» BrM Web Service Intfegration
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Data infegration
endeavors

» FHWA Bridge Informafion Modeling
Standardization (HIF-16-011)

» Evaluated AASHTOWare IFC Bridge

Converter

» TPF-5(372) Building Information Modeling
for Bridges and Structures

» Member of the Software Advisory

Group

Task Force members

Chair

Vice Chair
Member — BrM
Member — BrM
Member — BrM
Member — BrM

FHWA Licison — BrM

Member - BrD
Member - BrD
Member — BrR
Member — BrR
Member — BrR

FHWA Liaison — BrDR

Todd Thompson

Eric Christie

Beckie Curtis

Craig Nazareth

Kent Miller (Bruce Novakovich)
David Hedeen (Mark Faulhaber)
Derek Constable

Dean Teal

Mark Bucci

Joshua Dietsche

Vinacs Vinayagamoorthy
Mike Johnson

Tom Saad
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53. AASHTO Subcommittee on Bridges & Structures, T-19 Software & Technology, AASHTOWare
Bridge Management Update, June 25, 2019.
Eric Christie (ALDOT) and Todd Thompson (SDDOT)
e Bridge Integration through Web services, a standardized way for software to
communicate through the internet
e Other data integration endeavors (BrDR-FHWA Bridge Information Modeling
Standardization (HIF-16-011)
e Regression testing
o Differences between changes in AASHTO bridge design specifications
o Differences between two analytical software engines
o Regression comparison tool based on NCHRP Report 485

e User Group Training
e Task Force members (MDOT does not have a representative on the task force)

AASHTOWare Bridge Integration

through Web Services

« What is a web service?

» A standardized way for software to communicate through the
internet.

 What benefit does it offer to AASHTOWare

Bridge Users?

» Allows the AASHTOWare Bridge users to communicate bridge
rating information between the BrDR and BrM software via
multiple standards.

» Eliminates the need for users to merge databases.
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AASHTOWare Bridge Integration
through Web Services

Br|' Bridge

Funded by the AASHTOWare Research, Innovation, and Product
Improvement (RIPI) Program

Phase 1 complete with BrM 6.0 release
+ Framework ready and available within BrM.

* BrM has ability to send and receive load rating information to and from
BrDR.

Phase 2 planned for completion with BrDR 7.1 release in 2020

+  Complete the same framework in the BrDR software as already completed in
BrM.

+ _Will'have the interface and ability to send and receive load rating
information to and from BrM.
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AASHTOWare Bridge Integration

through Web Services continued

Redesigned data linkages

 Existing Bridge Integration is a highly coupled
solution requiring agency to merge BrM database

with BrDR database

« Both BrM and BrDR access the integrated database in
production environment

« The redesigned data linkages provide a set of RESTful
services that can be connected to from anywhere via
HTTPS

* No longer needs to merge databases, information exchange
is on-demand
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AASHTOWare Bridge Integration

through Web Services continued

Phase 2

« Will implement a REST web service client within BrDR
to consume the REST web services provided by BrM

« All existing Bridge Integration features will be
provided

 Existing “Update BrM Rating Results” feature will be
enhanced to support the BrM Load Rating Module

« BrM NBI rating will be available in BrDR for timely
and accurate decisions on performing load rating

Other Data integration endeavors

 BrDR - FHWA Bridge Information Modeling
Standardization (HIF-16-011)

« Evaluated AASHTOWare IFC Bridge
Converter

 Extracted BrDR data and created a model
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Other Data integration endeavors

« WIS DOT had a project to extract data from
AASHTOWare Bridge Rating and created
an |IFC file that was then used to import into
3 different software packages.

BrDR - What is regression testing?

Regression testing is a type of software testing that
seeks to uncover new software bugs, or regressions,
in existing functional and non-functional areas of a
system after changes such as enhancements,
patches or configuration changes, have been made

to them.
, — Wikipedia
Expected regression >

Unexpected regressiong =
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What is regression testing?

* Differences between two versions of BrDR
can occur for different reasons

» The software was changed intentionally to
address a change in the AASHTO specification

» The software was changed intentionally to
address a coding defect

» The software was changed intentionally to
implement a user requested enhancement

» The software was inappropriately changed thus
introducing a defect

User Group Training Meetings

« Bridge Design and Rating

RADBUG
July 30-31, 2019

South Lake Tahoe, CA

Bridge Management

BrMUG
September 17-18, 2019

Louisville, KY
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Task Force members

Chair Todd Thompson South Dakota
Vice Chair Eric Christie Alabama
Member - BrM Beckie Curtis Michigan
Member — BrM Craig Nazareth Rhode Island
Member — BrM Kent Miller (Bruce Novakovich) Nebraska
Member — BrM David Hedeen (Mark Faulhaber) Minnesota
FHWA Licison — BrM Derek Constable FHWA
Member - BrD Dean Teal Kansas
Member - BrD Mark Bucci Louisiana
Member - BrR Joshua Dietsche Wisconsin
Member - BrR Vinacs Vinayagamoorthy California
Member - BrR Mike Johnson Idaho
FHWA Licison — BrDR Tom Saad FHWA

I ——

54. AASHTO Subcommittee on Bridges & Structures, T-19 Software & Technology, The Portable
Bridge WIM, Eric Christie, PE and Robert J. Taylor, PE
Includes Mississippi 2018 Harvest Study and 2016 Enforcement; information on vehicle load
distribution during measurements
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55. Building Information Modeling (BIM) for Bridges and Structures, 99™ TRB Annual Meeting,
Washington, D.C., January 12-16, 2020, Pooled Fund Study

Building Information Modeling (BIM) for Bridges and
Structures

The pooled fund project will provide the primary funding mechanism for American Association of State
Highway and Transportation Officials (AASHTO) Subcomittes on Bridge and Structures (SCOBS) T-19 o
perform the duties of governance and stewardship of Building Information Management (BIM) for
Bridges and Structures. The objective of this proposal is to provide technical support for the
implementation of Building Information Modeling (BIM) for Bridges and Structures under the direction
of AASHTO COBS Technical Committae on Technology and Software (T-19) and the Transportation
Pooled Fund TPR5{372) Technical Advisory Committee (AASHTO COBS T-1%/Pooled Fund). BIM has been
widely used in the commercial sector for vertical construction to manage projects from canception
through design, fabrication, construction and future asset management and maintenance, Although
same fabricators who perform work on both bullding construction and transportation structures have
begun employing BIM tools in the fabrication of bridge components, BIM use in transportation
infrastructure is severely limited due to the lack of standardization. To take advantage of the efficiencies
associated with the use of EIM in transportation structures, a comprehensive strategic plan by AASHTO
COBS T-19 is needed, As a first step, AASHTO COBS T-19 initiated a study that was funded by NCHRP,
The NCHRP project 20-07 Task 377 titled "Standardized Format for Bridge and Structure Information
Models” presented a framework for BIM implementation roadmap and provided AASHTO COBS T-19 &
list of actionable iterns. Following the conclusion of the NCHRP study and after extensive deliberations,
AASHTO COBS T-19 identified a path forward for BIM implementation for bridges and structures, The
initiative involved the following key decisions: (1) Identity: The initiative is being named BIM for Bridges
and Structures, as the name encompasses the goal of this endeavor without potentially violating
trademark rights. (2) Governance and Stewardship Framewaork: The BIM implementation readmap
involves the identification of a governance structure. The selected framework will be overseen by
AASHTO COBS T=19 in collaboration with the AASHTO Technical Joint Committee on Electronic
Standards, FHWA, and other various stakeholders, (3) Data Exchange Schema: Multiple schernas for the
governance framework of BIM for Bridges and Structures were discussed, with the decision being made
to develop a Model View Definition (MVD) compliant with Industry Foundation Classes (IFC) data models.
IFC is the industry standard in the vertical industry and is well established. buildingSmart International,
the global organization with IFC oversight, also has global initiatives working toward implementing BIM
for roads and bridges in other countries, making a natural alignment with |FC the most appropriate
approach, (4) Funding Mechanism for Support: It became evident through the discussions that the
imitiative to move BIM for Bridges and Structures into standard practice would require much more effort
than could be taken on solely by T-1% members, The committee agreed that the use of a
consultantfcontractor would be necessary to accomplish many of the tasks needed to move forward.
The committee discussed several funding options, ultimately deciding on two sources: FHWA and
pooled fund study.
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56. Building Information Modeling (BIM) for Bridges and Structures, Lead Agency lowa DOT, Study
Number TPF-5(372), Pooled Fund Study
Mississippi DOT contributing to the Pooled Fund Study

Study Deseription

Backzround:

Building information modeling (BIM) has been widely used i the commercial sector and vertical construction to manage
projects from conception through design, fabrication, construction and for future maintenance. Although some fabricators
who perform work on both vertical construction and transportation structures have begun employing BIM tools in the
fabrication of bridge components its use in transporiation infrastroctore is severely limited due to the lack of
standardization. It became obvious that in order to take advantage of the efficiencies associated with the use of BIM in
transportation structures, a comprehensive strategic plan by AASHTO SCOBS is needed. As a first step, the technical
commitiee on tlechnology and software (T=19) initiated a study that was funded by NCHRP. The NCHRP project 20=07
Task 377 titled “Standardized Format for Bndge and Structure Information Models™ presented a framework for BIM
implementation roadmap and provided T=19 a List of actiohable tems.

Following the conclusion of the NCHREP study and after extensive discussions, T=19 identified a path forward for BIM
implementation in bridges and structures. The initiative involved the following key decisions:

* Identity: The initiative is being named BIM for Bridges and Structures, as it encompasses the goal of this endeavor
without potentially violating trademark nghis.

* Governance and Stewardship Framework: The roadmap involves the identification of a governance structure. The selected
maodel will be overseen by T=19 with collaboration with AASHTO Technical Joint Committee on Electronic Standards,
FHWA, and various stakeholders.

= Data Exchange Schema: Multiple schemas for the governance structure of BIM for Bridges and Struciures were
discussed, with the decision being made to develop an MY D (Model View Definition) compliant with 1FC {Industry
Foundation Classes) data models. Some consideration was given to OpenBridge model, with the biggest benefit being more
control of the governance model. However, IFC is the industry standard in the vertical industry and is well established.
BuildingSmart International, the global organization with IFC oversight, also has global initiatives working toward
implementing BIM for bridges in other countries, making a natural alignment with IFC the most appropriate approach.

* Funding Mechamism for Support; Tt became evident through the discussions that the imtiative (o move BIM for Bridges
and Structures into standard practice would reguire much more effort than could be taken on solely by T=19 members. The
committes agreed that the use of a consultant/contractor would be necessary to accomplish many of the tasks needed to
move forward, The committes discussed several funding options, ultimately deciding on two sources: FHWA and pooled
fund study.

Objectives:

The pooled fund peoject will provide the primary funding mechanism for AASHTO SCOBS T=19 to perform the duties of
governance and stewardship of BIM for Bridges and Structures,

Scope of Work:
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Although not all asks have been wdentified, the work will include:

1. Establish standards, guidelines, or manuals for bridge project stakeholders to facilitate the wide use of IFC as an
cxchange standard in BIM for Bridges and Structures in bridge projects, This would include recommending or mandating
the nse of common modeling format and [FC submital.

2. Develop the national standard MV, data definitions, and data requirements for the model life evele for all data
exchanges for transportation bridges and structures. This national standard will use the above governance and stewardship
madel to facilitate the development and future maintenance.

3. Collaborate with stakeholders (o provide timely update of IFC data dictionary for common bridge elements,

4. Collabhorate with buildingSMART and software vendors to design and offer suitable raining covering BIM for Bridges
and Structures model development, management, and usage,

5. Conduct return on imvestment (RO analysis to quantify the benefits of using a common modeling format, BIM for
Bridges and Structures, in terms of time and cost savings.

6. Develop a template of BIM for Bridges and Structures-specific contractural provisions for managing, reducing, or
eliminating the risks associated with IFC=BIM for Bridges and Structures. Project stakeholders/owners could use the
template to conduct a risk evaluation for deploving BIM for Bridges and Structures at a project and organization level,

7. Prowide recommendations to T=19 on changing existing work flows to leverage model exchanges for project delivery and
assel management for transportation bridges and structures owners,

&, Prowide a work plan, progression schedule, and coordination web and face to face meetings with T=19 on the
development and implementation of BIM for Bridges and Structures.

9. Establish a forum/expert hub for practitioners in the bridge industry to promote the commaon modeling formats and share
EXperiences.

10, Provide techmical support, organize training workshops, and facilitate pillot/demonstration projects for bridge owners to
encourage and accelerate the adoption of BIM for Bridges and Structures.
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57. Business Process Modeling for the Virginia Department of Transportation: A Demonstration
with the Integrated Six-Year Improvement Program and the Statewide Transportation
Improvement Program: Executive Summary, May 2005.

Virginia Department of Transportation, Virginia Transportation Research Council

J.H. Lambert and R.K. Jennings

Provides insight to benefits of integrating planning and programming activities throughout a
project or bridges life-cycle.

ABSTRACT

This effort demonstrates business process modeling to describe the integration of
particular planning and programming activitics of a state highway agency. The motivations to
document planning and programming activities are that (1) resources for construction projects
are used effectively; (2) employees know where projects are in their construction life cycles and
how projects may have been changed: (3) the time of agencey employees is used effectivelv; and
(4) the employees are working together to complele transportation projects in a reasonable time.

The effort adopts the IDEF modeling capability of the BPFWin sofiware (also known as
the AllFusion Process Modeler). IDEF modeling encourages consistent documentation of who
generates what information, products, services; for whom; how; and for what reasons. Across
the agency, the modeling is useful in prioritizing processes for change and maintenance. The
madeling empowers employees at all levels, makes institutional knowledge relevant and
accessible, and removes bottlenecks. [t also encourages the development of integrated systems
along functional lines, including administration, engineering, and operations, and focuses agency
personnel on the good rather than the perfecr system. Highway agencies have multiple business
processes that can benefit from an integrated description of business and technology in process
models. For example, the information technology division of a large highway agency maintains
and develops around sixty software applications at any onc ime. Business process modeling
helps the division improve their allocation of resources and priorities to these applications. This
document provides the purpose and scope of the effort, the method behind IDEF modeling and
the AllFusion software, the results and discussion of the effort, the deliverables, and the
recommendations for fumre work, Twelve appendices available in the full version of this report
{Lambert et and Jenningsal., 2005) provide the technical results,
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INTRODUCTION

In automating many of their business processes, the information technology (1T)
divisions of transportation agencies need to set priorities and allocate resources for the
development and maintenance of their IT applications. Developing business process models can
support the agencies in deciding which systems have the greatest impacts relative to their
required investments of resources,

This research has been performed by the Center for Risk Management of Engineering
Systems at the University of Virginia to support the Virginia Department of Transportation
(WDOT), the Virginia Department of Rail and Public Transportation (VDRPT), the Federal
Highway Administration (FHWA), and the Federal Transit Administration (FTA). [ts purpose is
to improve the business processes of the Virginia Transportation Six=Year Improvement
Program (SYIP) for Construction and Development and the Statewide Transportation
Improvement Program (STIP). Progress documentation was provided through an Internet web
site at the University of Virginia (http:/"wwaw_virginia.edu/ermes/stip). The effort is a logical
sequel to the document, Development and Financial Constraint of Vieginia's STIP (FHWA et al.
20021, which describes the federal interest in transforming the state’s SYIP into the federal STIP,

This report is organized as follows, The Purpose and Scope section i3 an overview of the
SYIP/STIP process and presents some recent challenges implementing the two documents. The
Methods section describes the functionality of [DEF (Integrated Definition for Function)
maodeling, the development of an IDEF Worksheet, and the AllFusionBPWin software that
supports [DEF modeling, The Reswlty and Discussion section provides an overview of the
technical results that are presented in full detail in the appendices, The Conclusions section
discusses the findings of the effort. The Recommendations section addresses implementation of
the findings by three divisions of the highway agency: planning, programming, and information
technology. Twelve Appendices provide the technical results of the effort.

PURPOSE AND SCOPE

The purpose of this effort is to demonstrate Integrated Definition for Function (IDEF)
modeling for understanding and reengineering the STIF/SY P processes of a highwayv agency,
The scope ol this demonstration is described in this section. The deiails of the STIP/SYIP
processes presented in this report were accurate at the time of collection. Such details are
realistic and sufficient to support demonstrating IDEF husiness-process modeling on a complex
process of the kighway agency. This report has not aimed to update and veconcile all details of
the STIP/SYIP to g commaon point in lime,

In past vears, the State Transportation Improvement Program (STIP), a three-year
programming document required by federal regulations, was prepared by VDOT and VDRPT as
an abridgment of the Six-Y ear Improvement Program ( SYTP), which is required by Virginia law.
The Virginia Department of Transportation {VDOT) and the Virginia Department of Rail and
Public Transportation (VDRPT) would in turn receive a joint letter from the Federal Highway
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Administration (FHWA) and the Federal Transit Administration (FTA) giving federal approval
of the Wirginia STIP. Virginia's approach to the STIP of past vears has been inadequate o satisfy
federal regulations, which require that VDOT/VDRPT declare to FHWA and the FTA the federal
dollars to be allocated in each federal fiscal vear by project. To be eligible for a federal funding
allocation, an applicable project needed to appear in each of the following: (1) a long-range plan,
i 2) regional transportation improvement program (TIP), and (3) the Virginia STIP, In recent
years, significant projects appearing in the SYIP, and consequently in the STIP, could not be
undertaken because the financial constraint used in SYIP/STIP development was not meaningful.
In programming, objective and technical evidence were increasingly dominated by short-term
fiscal and other expediencies.

The FHWA, FTA, VDOT, and VDEPT reviewed the development process of the
Virginia STIP, with particular attention to the financial constraint specified by federal regulation
(23 CFR 430) (FHWA 2002). First, the review documented the processes utilized to develop the
Virginia SYIP and the Virginia STIP. Second, it provided a series of recommendations with
accompanying implementation strategies in the categories of timing, technology, format,
financial, education, and process. The recommendations of the review are presented in Table 1.

While the 2002 report of FHWA et al. is definitive in characterizing the past and future of
the SYTP and STIP development processes, the following is some usclul additional background
on the research performed on this project.

The SYTP articulates an overall funding strategy for the Commonwealth; it does not
allocate federal funding, The SYIP reflects six=yvear funding and financing strategies that are
internal to the Commonwealth and which are typically not needed in the federal oversight of the
annual allocations of federal funds. In contrast, the STIP articulates the intentions of VDOT and
VDRPT to allocate federal funds to highways and transit by federal fiscal year. The STIP
document compiles project listings of the eleven Metropolitan Planning Organization (MPO)
transportation improvement programs (TTPs), the SYTP, the federally funded Secondary System
prograims, federally funded forest programs, and other participating programs. Federal
regulations require STIPs to be submitted every two years, but the Virginia STIP has been
submitted annually.

Currently, the TIPs are not generated in a common format, although some MPOs use the
relevant sections of the SYIP as their TIP. A particular challenge to harmonizing the MPO TIPs
is that the Northern Virginia MPO (the Metropolitan Washinglon Council of Governments) also
encompasses parts of Marvland and the District of Columbia.

Beginning with fiscal vear (FY) 2003, the Virginia SYTP and STIP were distinct
documents. A SYIP developed in an electronic environment will contain the data needed for
generating the STIP, The Virginia STIP would no longer include the future allocation of federal
funds. For example, past STIP submissions showed the acerual of funds in each fiscal year, such
as when 310 million was reserved in each of three vears and relegated te an allocation of $30M
m the 3rd year of the STIP. The STIP, a three-year program, 1s amended multiple times between
its hiennial submissions and approvals. Amendments to the STIP are strai ghtforward when air
quality is not affected. Typically, amendments are neutral in this respect: e.g., projects of
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alignments and trning lanes. For FY 03, 2002 federal allocations were not ready for distribution
until April 2003, Projects that had been removed in December 2002 due to financial constraints
were hurriedly resubmitted in 2003 to address the revised allocations.

Etforts to revise the business processes of VDOT and VDRPT have been addressing
issues such as:

»  What is the best format for the compilation of the STIP, and its submission to the FHWA
and FTA, from the former SYTP, the Sccondary System programs, and the eleven MPO
TIPs?

¢« How can the STIP submission, which had been a stack of separate documents in a variety
of formats, be integrated and made available to the public?

*  What can be learned from other states?

o  How can the various planning and programming efTorts be harmonized?

»  How can the need for SYIP/STIP revision be balanced with the need for a stable platform
in the near term?

*  How will innovative financing techniques be accommodated by the SYIP and STIP
processes?

*  How can the process of amending the STIP be sireamlined?

A committee of VDOT, VDRPT, FHWA, and FTA has been implementing the 21
recommendations of the FHWA 2002 report. There are three subcommittees: (1) Procedures, (2)
Finance, and (3) Public Involvement/Education. An oversight group includes the Chief of
Planning and the Environment, ¥DOT, and VDOT's Chief Financial Officer. In December 2002,
VDOT and VDRPT submitted the first actual STIP 10 the FHWA and FTA for approval, In 2003,
a member of the commirttee undertook to compile the STIP electronically and completed an
initial version of an electronic SYIP. With respect to STIP development, a memorandum of
agreement between Virginia and federal agencies was signed in late 2003, Pre-allocation
hearings in the fall of 2003 served as test beds of the evolving SYIPF/STIP public involvement
process,

IDEF modeling will be useful to describe the SYIP/STIP because of its integrated
perspective of business and technology. It allows employees to have increased control over their
roles in the STIP/SYIP and to locate potential bottlenecks in them. IDEF modeling will help the
Department of Transporiation allocate adequate resources to STIP and SYIP activities.
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58. Conversion Between Network-Level and Project-Level Units of Measure for use in a Bridge
Management System (VTRC 99-R4), July 1998.
Virginia Department of Transportation, Virginia Transportation Research Council
Howard M. Turner, Jr.
Provides an overview to various data elements utilized in a bridge management system to
prioritize bridge maintenance, repair, rehabilitation, and replacement. Includes historical cost
data.

ABSTRACT

VDOT is implementing Pontis 3.0 to provide the analytical component of its Bridge
Management System (BMS). This system prioritizes bridge maintenance, repair, rehabilitation,
and replacement (MRR&R) needs using cost/benefit analysis. The accuracy of this analvsis
depends on the condition assessment of the structure and the cost data of MRR&R options usced
in the analysis.

For the network=level analysis a BMS provides, the focus 1s on what work was done to an
element rather than how it was done, To standardize the MRR&R actions taken at the network
level, commonly recognized (CoRe) elements have been identified and are used in Pontis. For
cach element, a set of feasible MRR&R actions has been defined.

How these actions are accomplished is tracked on the project level. Contracted bridge
work is managed using industry-standard pay items and quantities. There is a great deal of
historical project=level data from previous contracts. However, there has not been any large
scile network-level data collection effort.

The purpose of this project was to examinge cost management practices in VDOT and to
develop an architecture for an automated project=level to network=level cost conversion process.
This process should provide accurate updated cost data to Pontis by (1) using pay codes,
guantities, and other contract information; (2) combining this information with existing
imventory information and new inspection information about the structure; (3) reporting what
CoRe feasible action was taken and the associated unit cost; and (4) providing this information
in a Pontis=usable format.

The investigation of cost management revealed a number of areas where VDOT could

mmprove its practices. The research addresses potential remedies for some and, in some cases
presents potentially viable conversion schemes.
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59. Development of Geotechnical Analysis and Design Modules for the Virginia Department of
Transportation’s Geotechnical Database (VTRC 05-CR23), June 2005.
Virginia Department of Transportation, Virginia Transportation Research Council
Jaewan Yoon, Ph.D.
Provides an overview to the functionality and use of various geotechnical data for use by VDOT’s
Geotechnical Engineer Engineers including search algorithm.

16. Abstract

In 2003, an Internet-based Geotechnical Database Management System (GDBMS) was developed for the Virginia Department
of Transportation (VDOT) using distributed Geographic Information System (GIS) methodology for data management, archival,
retrieval, and analysis. The system has been used for accessing geotechnical data pertaining to the Hampton Road Third Crossing
project and the Woodrow Wilson Bridge Route 1 Interchange.

As the rate of use, VDOT engineers recognized the need for additional engineering analysis and design functionalities. In
response, five geotechnical engineering applications used to calculate slope stability and foundation pile capacity were identified.
Analysis and Design Modules (ADM) for these five applications were designed, developed, and implemented in the existing
GDBMS.

ADM were designed to extract, filter, translate, and generate input data sets automatically when a borehole site is selected
using a graphical user interface. Thus, ADM facilitates engineering analysis and design by automatically generating input data sets,
enhancing productivity.

In addition to the ADM, a powerful new borehole data search algorithm, GDBMS Borehole Search Rabbit, was developed to
augment the existing search functionality. This new search algorithm provides both hierarchical and partial search capabilities based
on GDBMS site module, VDOT project number, source level gINT project file, and boring site ID. Once a borchole data search is
completed, VDOT engineers can directly access particular site data in various formats such as the original legacy data format,
translated standard data format, gINT and Excel files of translated standard data format, and borehole data log and laboratory results.

A cost-benefit analysis determined that approximately 1,120 hours of engineering time can be saved by using ADM with a total
annual cost savings of $112,000.

VDOT’s GDBMS can be accessed on the Internet at http://172.16.20.2 and at http://gis.virginiadot.org/GDBMS menu.htm.

Page 130 of 215

Appendix Page 157



60. Development of Performance and Deterioration Curves As A Rational Basis for a Maintenance
Management System for Structures (VTRC 94-R1), July 1993.
Virginia Department of Transportation, Virginia Transportation Research Council
K. K. McGhee, G.R. Allen, Ph.D., and W. T. McKeel, Jr.
Highlights essential elements of a bridge management system.

16. Abstract -

The Virginia Department of Transportation is deeply committed to the development and
implementation of an efficient, cost-effective maintenance management system for its bridges.
Much effort is being applied towards the development of a management system that will ensure
that appropriate maintenance takes place at the optimum times. Within such systems, the
ability to anticipate with reasonable accuracy how rapidly and in what fashion bridges will dete-
riorate is essential in optimizing expenditures of limited maintenance funds. The research
described in this report was undertaken to provide this predictive capability. Specifically, the
objective was to use existing bridge inspection data in conjunction with multiple regression
analyses to develop models relating the rate of deterioration of structural components with vari-
ables such as age, loadings, and environmental factors and to evaluate the relative importance
of these variables. In addition, these efforts include a discussion of current bridge management
activities and recommendations on needed modifications to the VDOT record-keeping system.
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System Studies

Ower the duration of this study, including the lapse between completion of
research and the reporting of results, a number of bridge management system
projects have been launched. FHWA's DP No. 71 has prompted several research
efforts both with overall system development and with optimum fund allocation
programs incorporating specific numerical techniques. The National Coopera-
tive Highway Research Program administered a project that identified and
developed the necessary elements of a comprehensive BMS, Including the earli-
est attemnpts at providing a universally applicable software package. Most
recently, under the funding of FHWA, Cambridge Systematics has produced a
powerful and flexible adaptation of a national bridge management system soft-
ware package (PONTIS).

The FHWA demonstration project was based on and done in conjunction
with the work done at N.C. State under the direction of Dr. David W. Johnston.
Its primary purpose was to encourage state and other local agencies to adopt a
systematic procedure for allocating bridge MR&R funds. The priority ranking
formulas for several states and the level-of-service methods adopted by North
Carolina DOT are presented and discussed. The latest efforts have studied the
feasibility of automated fund distribution systems using an incremental benefit-
cost-analysis algorithm.

NCHRPF Project 12-28, "Bridge Management S_;,’Btﬂﬂ‘.l&“ was conducted by
ARE, Inc. engineering consultants of Austin, Texas.’ The first phase of research
identified six essential elements of a bridge management system:

1. database

2. network-level major maintenance, rehabilitation, and replacement
selection

maintenance
historical data analysis

project level interface

reporting.

L .
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61. Performance of Bridge Deck Overlays in Virginia: Phase Il: Service Life Performance (VTRC 20-
R6), September 2019.
Virginia Department of Transportation, Virginia Transportation Research Council
Soundar S.G. balakumaran, Ph.D., P.E. and Richard E. Weyers, Ph.D., P.E.
Provides overview to historical data related to deck overlays and how VDOT is using the
historical data to make decisions related to bridge preservation and service life.

ABSTRACT

Owverlaying bridge decks has remained one of the best rehabilitation methods 1o extend
their service life, and the Virginia Department of Transportation (VDOT) has been a leader in the
use of bridge deck overlays. Although WVDOT has extensive experience in overlays, the long-
term performance of overlays has not been entirely understood. One of the biggest challenges
for studying the performance of overlays is that only minimal information is available in bridge
inventory and inspection records, This limits any scientific assessment of this system.,

Therefore, the purpose of this study was to provide a strong framework for the understanding of
the long=term performance of overlays and the factors afTecting them.

This Phase Il report reports on an extensive data collection process that led to the
development of a robust database of 133 overlaid bridge decks afier verification of historical
imspection reports, verification of as=built plans and commmunication with VDOT district bridge
engineers. This helped in developing a model for understanding the amount of tme it takes for
bridge decks to require the first major rehabilitation and the major factors influencing the
durability. A database of information about overlays that were replaced at the end of their
functional service life was compiled. This helped develop a multiple regression model for
understanding the factors that affected the durability of overlays,

Survival analyses were conducted to estimate the service life of overlavs and
corresponding risk. As a preventive method, epoxy conerete (EC) overlays were predicted to
serve an average of 20,9 years, with 1% 10 22 years al a 95 percent confidence level. Asa
rehabilitative method, rigid concrete overlayvs were predicted to serve an average of 25.9 vears,
with 21 to 32 vears at a 95 percent confidence level,

The recent trend of preforred overlay types has been identificd as EC and very-carly=-
strength latex=modified concrete (VELMC) overlays. EC overlays have proven to be one of the
better performing overlays through extensive VDOT experience. VELMC overlays are an
improvement upon latex=modified conerete overlays by vastly reducing the time of construction
and thus become motre suitable for decreased construction time, reduced traffic disruption, and
lessened worker exposure to the field environment.

An important discovery was the identification of the influence of the degree of deck
damage prior to overlaying on the service life of overlays. Preventive EC overlays should be
used in a preventive sense, as the name suggests, If preventive EC overlays are installed on
bridge decks with spalls, paiches, or delaminations, irrespective of the amount of damage, an
increased rate of deterioration in the overlays is likely to follow,

The future performance of rehabilitative overlays such as latex=modified concrete, silica
fume, and VELMC overlays will not be influenced by the presence of bridge deck damage prior
to overlaying, This might be because of the removal of deteriorated concrete before these rigid
overlays are constructed. This emphasizes the importance of proper removal of poor quality
concrete from bridge decks before overlaying during rehabilitation.
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62. Technical Assistance Report Maintenance, Repair, and Rehabilitation Unit Costs for PONTIS
(VTRC 95-TAR10), April 1995.
Virginia Department of Transportation, Virginia Transportation Research Council
Dixie T. Wells
Highlights network-level historical cost data for bridge maintenance, repair, and rehabilitation.

ABSTRACT

In the summer of 1993, the Bridge Management Task Force chairman requested that the
Virginia Transportation Research Council begin a study of the maintenance, repair, and rehabilita-
tion unit costs needed for the operation of the Pontis system. Because Pontis provides network-
level analysis, implementing it requires a fundamental change in the business procedures of the
Virginia Department of Transportation. The establishment of network-level cost data is one step
in the implementation of Pontis. The shift from a bridge-specific focus makes existing data
unsuitable, and alternatives need to be explored.

Since other states face similar problems, the Federal Highway Administration, the Ameri-
can Association of State Highway and Transportation Officials, and the National Cooperative
Highway Research Program have initiated studies of these maintenance, repair, and rehabilitation
costs, Rather than initiate a study of its own, the Virginia Transportation Research Council chose
to follow these studies closely, and to make suggestions for implementing the findings from these
studies within the Virginia Department of Transportation. This report provides the Task Force
with a set of recommendations for implementing AASHTOWare™ Pontis™ Release 3.0.

63. Risk-Based Asset Management Methodology for Highway Infrastructure Systems (VTRC 04-
CR11), February 2004.
Virginia Department of Transportation, Virginia Transportation Research Council
Ruth Y. Dicdican, Yacov Y. Haimes, and James H. Lambert
Highlights benefits of intelligent decision making so that maintenance projects are prioritized to
yield most benefit for life-cycle of highway assets.

ABSTRACT

Maintaining the infrastructure of roads, highways, and bridges 1s paramount o ensuring
that these assets will remain safe and reliable in the future. If maintenance costs remain the same
or continue to escalate, and additional funding is not made available, the highway agency may
need to reduce new construction or cut back on maintenance, or both, There is a close
relationship berween the cost of optimally scheduled preventive maintenance versus the cost of
emergency maintenance or replacement. The study develops a systemic risk=based asset
management methodology to manage the maintenance of highway infrastructure systems. The
decisionmaking methodology is used to harmonize and coordinate the actions of the different
units and levels in a hierarchical organization. The svstemic methodology enables the filtering
and assessment of assets for maintenance while addressing the potential for extreme events. The
methodology balances the costs, benefits, and risks of maintenance and inspection policies as
applied to various types of assets. Three objective functions are used in evaluating options and
strategies: minimizing short-term cost, minimizing long-term cost, and maximizing the
remaining service life of highway assets. A constraint function harmonizes the remaining service
life across assets to eliminate infeasible oprions. The methodology is generally applicable to the
asset management of large-scale dynamic svstems that exhibit characteristics similar to those of
highway systems.
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INTRODUCTION

Over the past fifty vears, the United States has been engaged in constructing the National
Highway System (NHS). The NHS is a 256,000 km system that includes the interstate highway
system. strategic military highways, and major arterial roads. While the NHS accounts for only
4% of the roadways in the United States, 1t carries 40% of all highway traffic and approximately
T53% of all heavy truck traffic. As the system ages, roads and bridges are deteriorating faster
than they can be repaired or replaced. According to The Road Information Program (TRIP)
[2003], 32% of the nation’s major roads are in poor or mediocre condition, while 27% of the
bridges are structurally deficient or functionally obsolete. The American Association of State
Highway and Transportation Officials (AASHTO) reported that in FY 2000, 564.5 billion was
spent by all levels of government for highway and bridge capital improvements [AASHTO
2002]. In order to maintain the physical condition and performance characteristics of the
highway system over twenty vears, this level of investment needs to increase to $92.0 billion
annually [AASHTO 2002]. In the same report, AASHTO also stated that an annual investment
of $125.6 billion is needed to improve the overall conditions of the nation’s roads and bridges.
With the assistance of the US federal government, the fifty states have begun to shift their focus
from construction to repair and maintenance of the existing infrastructure. The emphasis is on
intelligent decisionmaking so that maintenance projects are prioritized to yield the most benefit
for the lifecvele cost of each highway asset,
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64. FHWA Long-Term Bridge Preservation (LTBP) Program, LTBP News, Volume 1, Issue 1 Summer
2010.
Stakeholder Input: Sandra Larson, lowa DOT
Touches on better understanding how bridges age, and then how to manage bridge assets to
extend service life of existing and new bridges. Bridge investigation through load testing, non-
destructive evaluation, and sensor monitoring to better understand bridge behavior, condition,
and capacity. Leverage time and expertise through sharing of information to increase
knowledge base and understanding of bridge performance and behavior will result in more
informed bridge repair and rehabilitation programs.

Sandra
Larson,
director of
the Bureau
of Research
and Tech-
nology for
the lowa

Department
of Transportation, became interested in
what the LIBP program could do for her
state when, in 2007, she participated in a
workshop organized by FHWA to estab-
lish a framework for the LTBP program.
Since then, Larson has taken an active
role in the LTBP program by providing
input and offering valuable information
on data needs and performance issues.
“We anticipate remaining involved with
the LTBP program and will be sharing

information with LTBP as we further
our research,” says Larson. “The Towa
DOT’s goals and the LTBP program goals
coincide, namely to better understand
how individual bridges function and age,
and then to manage our bridge assets with
this additional understanding in order
to extend the life of existing and new
bridges through timely and appropriate
maintenance and rehabilitation. lowa has
a growing program of bridge investiga-
tion through load testing, nondestructive
evaluation, and sensor monitoring which
provides indepth information about our
existing bridges to better understand
bridge behavior, condition, and capacity.
“Sharing information about our pro-
gram and following the LTBP program
closely will help to leverage our time and
expertise as we all continue to mine these

Stakeholder Input: Sandra Larson, lowa DOT

technologies for more answers and insight
into bridge condition and behavior,”
she says.

Larson is particularly interested in how
the LTBP program will help Towa to bet-
ter assess the current condition of bridge
decks so that bridge managers can make
the optimal decisions regarding the tim-
ing and extent of maintenance and repair.
This is a matter of concern for most of
the bridge community and something the
program will address.

Ultimately, the increased knowledge
and understanding of bridge performance
and behavior will result in more informed
bridge repair and rechabilitation programs.
Sharing information nationally between
the LT'BP program and states” bridge
management programs will benefit
everyone. M

65. FHWA Long-Term Bridge Preservation (LTBP) Program, Summary Report, December 2016.
FHWA LTBP Summary-Findings from the New Jersey Bridge Deck.
FHWA Publication No.: FHWA-HRT-16-070

Presents chloride content and diffusion data from concrete cores in decks together with using

non-destructing testing Ground Penetrating Radar to collection inspection/condition

information.
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66. Washington State Department of Transportation

MAP-21 & Bridges Washington State

WSDOT establishes MAP-21 bridge performance targets, May 2018-Edition 3
The condition of individual bridge alements (dack, suparsiructurs,
subsiructure), and culverts fwhich are measured separately), are
rated using a classification method from the National Bridge Inventory
(MBI} and the Highweay Bridge Pragram. This classification method
asgigns the elements and culverts condition ratings ranging from 1
ta B where ¥ or greater = good; 5-6 = fair; and 4 or less = poor

For MAP-21 and contnuad in the FAST Act, bridges in good condition

have all three elements {deck, superstructure, substructure) rated as ¢ or
highary; bridoes in fair candition meaet the minimum threshokd of 5 or highes;
and poor bridges have any of the elements rated as 4 or lower (see p. 2).

The percentage of the total NHS bridpe deck area for each classification
lgqood, fair, poor) is calculated as the ratie of the total deck area of NHS
bridges in & classification to the total deck area of NHS bridges in the

siate. The bridge deck condition of a shoulder on a bridge is ncluded in the
overall condiion rating; it 15 not trackad or rated for active transportation
use separate fram the overall bridge deck condition. Sidewalk elements

are defined and condition rated but these data are not reparted here.

A saparate ranuirement determined by FHWA is that the percent of NHS
bridges in poar condition cannot excead 10%. This performance critenan
is & special requiremant mandated by Congress, and is the only bridge
perfarrmance measure that rasults in a Tunding penalty if it is nol met. The
penalty requires the State to obligate a specified percentage of its National
Highway Parformanca Pragram (MHPF) funds to camact tha NHS bridga
canditions untdl the minimum threshold is met (s2e p. 4 for mone details).
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The Fedaral Highway Adrministration (FHWA) published in the Fedaral
Register (B2 FR 5886) a final rule establishing performance measuwres for
State Departments of Transportation (DOTs) to use in managing pavement
and bridge performance on the Mational Highway Systerm (NHS). The
Mational Performance Management Measures: Assessing Pavement
Condition for the National Highway Perfarmance Program and Bricdpe
Condition for the National Highweay Perfarmance Fragram Final Rule
addresses requirements established by the Moving Ahead for Prograss in
the 21st Century Act (MARP-21) and reflects passage of the Fiking America’s
Surface Transportation (FAST) Act. The rule was effective May 20, 2017

Targets established May 20, 2018

WSDOT has been proactive in working with MPOs and local agencies with
regard ta the implementation of federal pavement perfarmance measures for
the NHS. Collaborative efforts to establish targets by May 20, 2018, inchded
meetings with all MPO directors and WSDOT representatives; responsible for
helping make policy, process, data and advisory target setting decisions as
wiel 45 in-depth discussions betweaen subpect matier experts; respansible for
batter understanding final fedaral rule requirements and their implications.

FHWA has zat the upper limit for the percentage of all NHS bridges
classfied in poor condition at 10%. Based on analysis and past
frends, 10% is the recommended target. The FHWA did not sat a
limit for the percentage of NHS bridges classified a3 being B good
canditian; it is recommended [0 atopt a target of 30% basad on &
thorough review of current bridge conditions (ses chart below).
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Minimum condition level requirements

As a minimum condition level, MAP-21 establishes a threshold of no
more than 10 percent of NHS bridges measured by deck area being
classified as structurally deficient. A structurally deficient bridge is
deteriorated structurally, as indicated by a superstructure, deck, and/
or substructure rating of four or less, or when the appraisal ratings
for structural evaluation or waterway adequacy are two or less, on

a scale of zero to nine. Except for structural evaluation or waterway
adequacy, WSDOT's poor condition category uses the same data,
criteria, and rating scale as that required for MAP-21 (see Gray
Notebook 50, p. 14). The minimum condition level is applicable to
bridges on the NHS, to bridges on ramps connecting to the NHS
within a state, and to bridges on the NHS that cross a state border.

The FHWA will carry out the first determination of compliance with the
minimum condition requirements in 2018 (based on bridge condition
data for 2013, 2014 and 2015), and annually thereafter. Following this
schedule, any penalties resulting from the minimum condition compliance
determination would not be in effect until after October 1, 2021.

The MAP-21 legislation requires the FHWA's National Bridge
Inventory (NBI) be the source of data for classifying a bridge as
structurally deficient. Currently, the NBI is the primary source for
national bridge information and has been used for many years to
classify bridges as structurally deficient, determine eligibility for the
Highway Bridge Program, and apportioned federal-aid funds.
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Bridge data collection for MAP-21

WaDOT Iz required o repart data 1o FHWS anmually on the canditien,
functgnal adeqeacy and assentiality for the public for all bridges
statewide. The bridge data determines sufficiency ratings and if  bridge
i5 structuraly deficiant andfor functionally cbaokete, The same bridpes
that are rated for W2DOT s condition rating are alkso rated in the federal
system, in addtion to lcal agency owned bridges acrass the state.

The good, fair, and poor classifcation of bridgas on the NHS utilizas

data elements from the NBI database. State D0Ts measure and

classify a number of standard features for bridoes (such as condition

and geametric information} in their urisdiction, which they are requirad

ta regart to FHWA on an annual basis, These requirements inchude bridges”
pn=ramps connecting ta the NHE,

Penalties

In crdar to awaid a penalty, states must rmeat this minimurm condifion
leveld: Mational Highway System (MHS} bridges nat to exceed 10 percent
structurally deficient, by deck area

If a state does not maet the minimem condition for three consecutive years,
a funding penalty will apply during the following fiscal year and each year
theraatter until it is in compliance. The state must obligate and set aside an
amaunt to 50 percent of the apportionment far the Highway Bridge Program
in fizcal wear 2009, fram thie NHFP appartionment, anly far prajects on WHS
bridges.
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|

Available Data

m  Bridge condition assessment of the Mational Highway System's
Matinal Brdge Inventary item ratings of bridge deck, superstruciung,
substructure, ancfor cuberts tor all Tederally reportable stale and
lacal bridges)?

Mobas: Data is amilable for county and city levels and can be provided by the
MFQ boundanies. 1 Bridge canditicn sata for fribally-cwned and feceraly-owned
bridges is provided fo WSDAT by the bridpe owner

What is the current distribution of funds?
W3D0T is planning fo pravide approdmataty $130 million annuslly over

the next 10 years for bridge preservation, which Improves the condition of
brickges through replacament, rehatifitation and preventive mainbenance.
This comes from faderal and siabe revenue sources, and the specific amound
each year for bridge preservation is determined based on an azsessment

of nead and available funding through essst manapament analysas,

Purpose of reporting requirements

In July 2012, the Moving Shead for Progress in the 215t Century Act
(MAR-21) became law, Included in the law was a Declaration

al Falicy: “Performance management will fransfarm the

Federal-aid highway program and provide a means to the most
afficlent imvestment of Federal transportation funds .. .°

The: primary ebjectives of MAP-21 are tn increasa the ransparency and
accouniabilty of states for thewr investment of federal taxpayer

dallars into fransportation infrastruciure and servicas nationwida,

and ko ensure thal stales imvest maney in ransportation projects that
collectively make progress toward the achievement of nafional poals.
The: new rules will require reparting performance on the fallawing
areas: Safety; Pavement and Bridge; System Parformance/Congestion;
Fredght, and Congestian Mitigation and Air Quality (CMAC).

Prigr tp MAP-21, there wara ng explicit raquiramants to
demonstrate how transportation programs supported national
performance aukcomes. But many state DOTs, like WSDOT, have
argaged in valuntary accountability and reporting efforts.

For more information

State bridge condition information: DeWayne Wilson, WSDOT Bridge
Management Engineer, at (360) 705-7214 or WilsonD@wsdot.wa.gov.
Local bridge condition information: Roman Peralta, WSDOT Local
Programs Bridge Engineer, at (360) 705-7870 or PeraltR@wsdot.wa.gov.
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67. Wisconsin Department of Transportation, Bureau of Structures, Bridge Preservation Policy Guide
Version 1.02, 2016
Provides an overview to WISDOTSs bridge preservation policy and various preservation activities
& strategies associated with specific bridge element condition/deterioration state.
Having a commitment for funding of bridge preservation will help WisDOT optimize the overall
bridge program.

1.0 - OVERVIEW

WisDOT Bridge Preservation Policy Guide provides goals, measures, and strategies for
the preservation of bridges. This document contains criteria that is used to identify
condition based and non-condition based cyclical preservation, maintenance, and
improvement work actions for bridges. These actions maximize project and system-
wide life cycle cost and performance of bridges.

Bridges are key components of our highway infrastructure. As of April 2015, Wisconsin
had 14,085 bridges, of which 37 % were owned by WisDOT. The average age of these
bridges is 36 years. The aging infrastructure is expected to deteriorate faster in the
coming decades with increased operational demand unless concerted efforts are taken
to preserve and extend their life. In addition, the state bridge infrastructure is also likely
to see an increased funding competition among various highway assets. As a result,
WisDOT must emphasize a concerted effort to preserve and extend the life of bridge
infrastructure while minimizing long-term maintenance costs.

WisDOT Bureau of Structures (BOS) initiated the Next Generation Bridge Management
System (NGBMS) project to address several requirements of the 2012 Federal
Transportation Bill identified as Moving Ahead for Progress in the 21st Century Act
(MAP-21). The bill focuses on implementing a risk-based transportation asset
management program with an emphasis on pavements and bridges. This policy guide
was developed as part of the NGBMS to support implementation of the bridge
preservation related aspects of MAP-21.

This policy guide will also provide WisDOT personnel with a framework for developing
preservation programs and projects using a systematic process that reflects the
environment and conditions of bridges and reflects the priorities, and strategies of the
department.

A well-defined Bridge Preservation program will also help WisDOT use federal funding
for Preventative Maintenance (PM] activities by using a systematic process of
identifying bridge preservation needs and its qualifying parameters as identified in
FHWA'’s Bridge Preservation Guide. This guide will promote timely preservation
actions to extend and optimize the life of bridges in the state.
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2.0 = GOALS AND STRATEGIES OF BRIDGE PRESERVATION

The main goal of a bridge preservation program is to maximize the useful life of bridges
im a cost effective way. To meet this goal, many of the strategies are aimed at applying
the appropriate bridge preservation treatments and activities at the proper time
resulting in longer service life at an optimal life cycle cost.  Federal Transportation
Legislation (MAP-21) promotes the goal of maintaining or preserving infrastructure
assets “in a state of good repair”. Preservation of assets is one of the tools that will be
used to achieve an overall transportation investment strategy. There are a number of

related goals that have been developed that address the priorities of the department
and our stakeholders.

The Goals of the WisDOT Bridge Preservation Program are:
. Maintain bridges in a “state of good repair” using low-cost effective strategies.

. Implement timely preservation treatments on structurally sound bridges to
promote optimal life cycle cost and extend service life. This will reduce the
need for major rehabilitation and replacement.

. Limit adverse impacts to traffic operations and various stakeholders.

. Promote and support budgeting of preventive maintenance activities

. Establish performance goals and monitor progress related to preservation of
bridges,

. Optimize the benefits and effectiveness of long-term maintenance investment

in achieving bridges in good condition.

To achieve the goals of the bridge preservation program, WisDOT will use data driven
strategies. This approach is aimed at applying the appropriate bridge preservation
treatments and activities at the proper time. These strategies are also aimed at
maximizing efficiency and effectiveness of the program.

Page 143 of 215

Appendix Page 170



Ihe Strategies include;

» Regular analysis of the bridge inventory data to establish conditions and trends
related to performance,

s« Develop and maintain criteria for eligible preservation activities

»  Defline preservation program and project needs

o Develop estimates ol needed linancial resources at the Project/Program level.
»  Prioritize, plan, and perform preservation treatments,

o Group preservation maintenance projects Lo promoete economy and minimize
the inconvenience to the public

»  [dentify preservation needs that complement maintenance, repair, and
rehabilitation actions and timelines.

# Securing approval and support from key stakeholders in the use of Federal and
State funding for systematic preventive maintenance and preservation activities.

» Consider preservation at the bridge design stage

3.0 - BRIDGE PRESERVATION ACTIONS

This Policy Guide focuses on bridge preservation actions that relates to preventive
maintenance and element rehabilitation. Cyclical and Condition Based Activities are
sub-sets of Preventative Maintenance as shown in Figure 1. Descriptions of these
preservation actions can be found in section 7.0 - Definitions.

Major rehabilitation, bridge replacement, improvement, and new bridge construction
projects are addressed by other WisDOT Bridge Programs.

Cyclical

Activities
Preventive

Maintenance o
Bridge ——— Condition
Preservation Based Activities
Element

Rehabilitation

Figure 1 WisDOT Bridge Preservation Actions
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4.0 - BRIDGE PRESERVATION GOALS, OBJECTIVES AND
PERFORMANCE MEASURES

This policy outline clear goals that we strive to attain, objective to help achieve our
goals, and ultimately measure that help us understand our progress.

Bridges with a condition rating of poor (NBI Rating = 5) are considered deficient.
Deficient bridges that are open for operations are safe; however, these structures may
need corrective action to ensure current and future operation. Maintaining safe and
dependable operations is a high priority for the department.

Therefore, our department has the goal to maintain 95% of the state owned bridges in
fair or better condition (NBI ratings 5 or higher). This goal is specific to state bridges
included in the Mational Bridge Inventory. This goal may be extended to bridges less
than 20 feet and buried structures (Box Culverts) at a later time,

4.1 CoNDITION-BASED OBJECTIVES
Condition based preventive maintenance activities are performed on bridge elements as
needed and identified through the bridge inspection process.

Ta promote the goal of maintaining 95% of the state system bridge inventory in fair or
better condition, there are a number of performance objectives for the bridge elements
that will promote this goal. These ohjectives are as follows:

. Maintain 95 % of the following bridge decks in good or fair condition [per NEI
condition rating). This target may be measured using NBE condition data
when one cycle of deck elements data are available:
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4.4 PRESERVATION PROGRAM BENEFITS

Each objective and measure proposed in Table 1 is aimed at extending the life of the
main bridge components by performing timely cyclical or condition-based [corrective)
preservation actions. The cost of performing preservation actions is minor when
compared to premature replacement or rehabilitation of bridge components. The
henefits of each objective are discussed below:

. Maintaining 95% of bridge decks in good or fair condition is an asset management
approach that should extend the service life of decks by 30-40 yvears and promote
the MAPZ1 objectives. Experience has shown that decks designed for a 75 vears
life expectancy last for $0-50 yvears without preservation actions. Appropriate
corrective actions taken as part of deck preservation could possibly extend the
life significantly. The costs of such corrective actions are substantially less than
the costs of prematurely replacing the decks.

* The objective of maintaining 90 % joints in good or fair condition will focus ona
program that will help in minimizing the damage on bridge superstructure and
syubstructure components. Leaking joints cause significant deterioration and
damage to bridge components that include girders, bearings, and substructures.
There is significant cost each vear in repairing structural elements that have
deteriorated prematurely as a result of leaking joints. Experience has shown that
timely preservation actions can delay superstructure and substructure
deterioration by 8-12 years.

. Maintaining protective paint systems is important. The structural components of
the steel bridges will corrode and lose load carryving capacity if left unprotected or
partially-protected. Protective paint coatings systems should have a service life of
25-40 vears for the protection of structural steel, The objective of maintaining
909 of coated steel surfaces in good or fair condition will aim at creating a paint
program for extending the life of steel components up to 100 years,

» Bridge bearings are a key component. Bearings support bridge supper structures
and allow for expansion of the superstructure, Experience has shown that loss of
lubrication, tipping, or corrosion of bearings can cause harm to the deck and
superstructure, The proposed measure of keeping 95 % of bearings in good or
fair condition will help WisDOT maintain bridges in a state of good repair.

. Objective of sealing 25 % of all eligible concrete decks at 4 yvear intervals will help
delay deck deterioration and prolong deck life. Sealing decks every 4 yvears at a
minor cost can delay deck deterioration by 10-12 vears that will promote
increase deck life

Page 146 of 215

Appendix Page 173



Table 3 - Concrete Deck/Slab Eligibility Matrix

Concrete Deck/Slab

miintained

NEI Deck Benefit to Application
Item Element . .. Deck
, Preservation Activity Frequency
5B Distress from (i )
i In vears
Area (%) action y
Extend Service
Deck SweepingWashing * Ln_l-i.: e lwa2
Crack Sealing 'Etrr'n_r..!_ir':'l.nrr Itok
LITE
S (-]
=7 Dk Sealing service I Aok
abended
. Service lile
= % [ % . ¥ e . T8
Polymer Modified Asphalt Overlay extended 12te 15
Bervipe life
Polymer Owverl: B e 12
Blfmeer U eriny i ed i
. . Extend Service
Deck Swesping Washing Life 1to 2
Extend Service
=i Crack Sealing o Ifeo ) ok
o Hervice il o
D=k Bealing mrie e ER G
Dk Fatching e Iife s needed

=i . .
Extend Service
w004 [keck Patching, Cathmdic Protection * I'n_'"i_l_:: M As needed
Improve NBI
=105 HMA w/ membrans p, Bto 12
[(584) =7
<E0% Polymer Modilied Asphalt Overlay : |[[.|_r;|||1.!. - 12t 15
L) =7
< 20% Conorete Overlay |*1|1_rn'|.-r' 12 to 30
[58)=7
. Lervice life
<21 (Z) Dack Patching As needed
maintained
- ) Extend Servic
= %% (2] Dk Fatchimg, Cathodic Protection RS AnE Ag preeded
. Irr MEI
20 o Z5% (3] Concrete Overlay np_ru\-u - 12 to 340
[58) =7
- Iy e MEI
20 o 25% (3] Structural Concrete Overlay (4) Hﬁ_r;r' ’ 12t 30
-1 =
. Improwve NEI :
s4 <415 Deck Replacement (5] [F',F;'I T 25 to 50
£f) =

(11 Use NBIand deck distress area together to determine the repair action,

(71 Refersto deck defects of delaminations and spall and refer to defect 1080,

|§| The maximum area of deck delamination 1% 25 % When WisDOT fully transitions to elements, this will refer ta
cledect 1080

I:E:I Cansult HOS - not for deck girder bridges

(5 Consider remaining bridge conditions to determine If activity s desirable and cost effective
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53 IDENTIFICATION OF PRESERVATION NEEDS
The identification of preservation needs will start with the development of bridge
eligibility reports. The goal of identification is to develop the preservation necds for

two scenarios:
s  The unconstrained budget scenario.
s  The constrained budget scenario.

The unconstrained budget scenario determines all preservation needs at the region
level, assuming no budget limit. This scenario will forecast the total preservation needs
in a multivear basis. The constrained budget scenario will provide specific projects that
will be placed in a program as shown in Figure 2.

L
Aund Rehsbilitation

Group by Tt . Sudd by Shmiblar
" ¥ " - r
Elfectiveness Bttty Tiem bng

Program

Figure 2. Project Development Diagram

The programming of projects will start with the development of eligibility reports as
described in Section 5.2. This set of projects will be combined inte a group along with
constrained cyclical preventive maintenance activities.

Each Region should bundle projects by cost, location and for similar activity and timing.
This approach would potentially benefit from economy of scale and incorporation into
other regional project efforts. The identification of state-wide bridge preservation needs
will be done by aggregating the regional bridge preservation needs.
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6.0 - FUNDING RESOURCES AND BUDGETING

The experiences of several states have shown that having commitments for funding
preservation programs extends the life of bridges and defers untimely replacement.
Having a commitment for funding of bridge preservation will help WisDOT optimize the
overall bridge program.

We promote the idea of recognizing and prioritizing preservation opportunities as part
of the planning and programming functions of the department at the Division and
Regional level. Through this organizational approach to implementation, preservation
will vield the greatest system wide benefits,

7.0 — DEFINITIONS

Bridge Program The WisDOT Bridge Program includes preservation,
rehabilitation, improvement or major rehabilitation,
replacement and new bridge construction actions.

Bridge Preservation Bridge Preservation is defined as actions or strategies that
prevent, delay, or reduce deterioration of bridges or bridge
elements, restore the function of existing bridges, keep bridges in
good condition and extend their life. Preservation actions may
be preventive or condition driven.
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NBI Condition Rating

Element Condition
State

The FHWA coding guide describes the condition ratings used in
evaluating four main components of a bridge as decks,
superstructure, substructure, and culverts. The condition ratings
are used to measure the deterioration level of bridges in a
consistent and uniform manner to allow for comparison of the
condition state of bridges on a national level,

The condition ratings are also known as MBI ratings and are
measured on a scale of 0 (worst) to 9 (excellent). For WisDOT
bridges and culverts, an NEI rating of 4 is classified as poor, an
MBI rating of 5 or 6 is classified as fair, and an NBI rating of 7 or
higher iz classified as ‘good’,

A condition state categorizes the nature and extent of damage or
deterioration af a bridge element. Whereas the NB] condition
ratings are provided for four major components of bridges
described elsewhere, the element level data.

The 2013 AASHTO Manual for Bridge Element Inspection
describes a comprehensive set of bridge elements mainly
categorized as National Bridge Elements [NBE]), Bridge
Management Elements (BME) and Agency Develop Elements
[ADE]} and their corresponding four condition states. The
element condition states] to 4 are described as good (C51), fair
[C52), poor (C53), and severe [C54),
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Highway Structures
[nformation System

State of Good Repair
(SGR)

Systematic Preventive
Maintenance Program
(5PM)

Highway Structures Information System (H5[) is the system
developed by WisDOT for managing the inventory and inspection
data of all highway structures. The inspection data is collected in
accordance with the NBIS and 2073 AASHTO Manual for Bridge
Element Inspection.

State of Good Repair (SGR) is a condition in which the existing
physical assets, both individually and as a system (a) are
functioning as designed within their useful service life, and (b)
are sustained through regular maintenance and replacement
programs. SGR represents just one element of a comprehensive
capital investment program that also addresses system capacity
and performance.

Saurce: U5 DOT Secretary Mavy Peters july 25, 2008 letter ta
Congress

Systematic Preventive Maintenance (SPM) is a planned strategy
of cost-effective treatments to highway bridges that are intended
to maintain or preserve the structural integrity and functionality
of bridge elements and/or components, and retard future
deterioration, thus maintaining or extending the useful life of
bridges.

An SPM program is based on a planned strategy that is
equivalent to having a systematic process that defines the
strategy, how it is planned, and how activities are determined to
be cost effective. An 5PM program may be applied to bridges at
the netwaork, highway svstem, or region-wide basis and have
acceptable qualifving program parameters. The details on an
SPM program and qualifying parameters are found in FHWA's
Bridge Preservation Guide.
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Preventive
Maintenance(PM)

Cyclical PM Activities

Condition Based PM
Activities

Rehabilitation

Improvement or Major
Rehah

Replacement

New Bridge
Construction

Preventive maintenance is a planned strategy of cost-effective
treatments to an existing roadway system and its appurtenances
that preserves the system, retards future deterioration, and
maintains or improves the functional condition of the system
[without substantially increasing structural capacity). Preventive
maintenance activities include cyclical (non-condition based)
and condition-based activities.

Cyclical PM Activities are those activities performed on a pre-
determined interval and aimed to preserve existing bridge
element or component conditions. Bridge element or component
conditions are not always directly improved as a result of these
activities, but deterioration is expected to be delayed.

Condition Based PM Activities are those activities that are
performed on bridge elements as needed and identified through
the bridge inspection process,

Rehabilitation 15 described as major work required to restore the
structural integrity of a bridge as well as work necessary to
correct major safety defects as defined in the Code of Federal
Regulation (CFR) 23 clause 650.403.

Bridge improvement 15 a set of activities that fixes the
deterioration found in a structure and improves the geometrics
and load-carrying capacity to at least the minimum criteria set in
these guidelines, but may not provide improvemaent that meets
new construction standards.

Replacement of an existing bridge with a new facility constructed
in the same general traffic corridor is considered total
Replacement. The replacement structure must meet the current
peametric, construction, and structural standards as defined in
the Code of Federal Regulation (CFR) 23 clause 650.403.

The construction of a new bridge is defined as bridge
construction that does not replace or relocate an existing bridge
as described in FHWA's MAP-21 5TP.
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68. AASHTOWare Project Construction & Materials Module, 2017

AASHTOWare Project
Construction & Materials”

The AASHTOMW are Project Construction & Matenals™ software is a comprehensive,
web-based construction and matenals management application. lis functionality
covers the complete construction and materals management process, including
laboratory information management functionality. It is a powerful application
spanning all levels of construction and materials management, enabling personnel
to progress a contract and its supporting documentation from award through
finalization.

While the application is robust, it is configurable by role and designed with the
workflow of each specific user in mind =0 as not to be overwhelming. In addition to
the userspeciiic features, key features of the system-awide functionality include;

Any user with proper access can attach files/URL links and add agency fields to
any record in the system,

«  System events and issue tracking enable an agency to automate complex
processes and workilows that might require input or review from several
different users.
Integrated agency views (also referred to as templates or forms) allows an
agency to design and implement agency-specific forms, extending contracts,
daily work report postings, daily source reports, material tests, and mix designs.

¢ Extensive onling help is available threoghout the application, including
configurable tooltips.

»  The Info Tech Mohile® Inspector™ application interface allows vour inspectors
ta collect the data required for a daily inspection report which includes item
progress, contractor work force, photos and site conditions wsing a smariphone
or tabler.

AASHTOW are Project Construction & Materials also contains vanous reports that
agencies will find beneficial in managing their construction projects, including
reports for the Contract Status, Change Orders, Work ltemn Detail, Contractor
Fayment, Contract Material Acceptance Action Status, Approved Products, and the
Outstanding Iem List.
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Construction Management

The AASHTOWare Project Construction & Matetials module is designed 1o manage

all aspects of a construction project by providing:

Field-based data entry functionality with Daily Work Reports.

+  Diaries for the project manager to review the inspectors” Daily Work Reports.

«  Contract change order functionality for creation, review, and approval of
contract changes, including the ability to automate approval levels based on
contract and change order type.

+  Contract payment estimates, including agency-configurable exceptions such
as item overruns, insufficient materials, limited funding, missed time, and many
more, Payment estimate approvals are configurable by contract and payment
estimate type.

+  Force Aceount and Foree Account Reporting functionality allows the agency
ta define, track, and report the actual costs of labor, equipment, and materials
incurred in the performance of work including allowable overhead and markups
for any contractor (prime brsubcontracloﬂ associated with the contract,

. Agency-configurable contractor evaluations with the ability to eeate, update,

and change gquestions and question value/ratings.

Construction stockpiles, induding the ability to associate materials, set agenoy-level dravw-down triggers and thresholds,
EI'II'.l el contract itEI'I"I-ﬁPE-Eiﬁl' IE-EI.'.I'I."EF!F' FIEH.'.E'I'I‘IH’_."'E'S.

Stormwaler compliance functionality 1o help manage and comply with SWPPP sirategies. The application can be
configured to manage/track water pollution controls {BMPs), inspection cycles, and system notifications,

Materials Management

AASHTOWare Project Construction & Materials helps agencies rack and evaluate satisfaction of contract material
acceptance actions by quantity, contract, date, source, or location per the agency’s contract specifications for material
certifications and test results, Acceptance actions are identified at a global level for all materials and are generated from that
list at a contract item level, where they can then be modified as necessary. This functiomality facilitates capturing contract
material requirements and 1est resulis allowing agencies 1o automalte contract material acceplance.

The software provides the ability to track materials from the producers, including their component materials, until they are
ultimately used as part of the contract. 1t also provides source- and facility-based data entry functionality with Daily Source
Reports. Source authority is used to identify users wha may maintain source and facility information. Additional matenals
management features in the AASHTOWare Project Construction & Materials madule include:

«  Approved materials for sources and facilities management

= Emterprise tracking of testers, samplers, calibrators, welders, and laboratones gualifications for agency adherence o
FHWA 1A regulations
Systemalic tracking of test equipment and calibrations
Optional automated payment estimate deductions for insufficient material requirements

«  Min design creation and approval

= Material test result data capture and evaluation
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Laboratory Information Management

The laboratory information management features of the AASHTOW re Project Construction & Materials module are tailored
1o transpertation agency lab mamagemen! workilow. These features give the agency the ability to manage and track progress
through each oritical step of the matenal sample fecyde. Lab management functionality 1s highly configurable to it the needs
of an unique agency's materials lab workflow,

The lab management functions have user-based security settings to ensure that assigned lab personnel have access anly to
the data and information needed o complete their individual tasks, The ifecyde tracking of samples and tests through the
application expedites the averall testing process, AL any poinl, it is easy o see which samples are wailing to be tested, which
have the highest priority, and wha is responsible for each sample’s current stage of progress, Tests can be assigned {or re-
assigned) to specific labs and 1o specific testers within those labs, based on gualifications and workload.

This functionality allows for a materials test environment that s interactively managed and responsive o a malerial lab's
changing needs.

System Specifications
For details about system specifications far all AASHTOWare Project software, please refer to www.cloverleaf.net/sys_arch/,

For more information about this product, contact AASHTO or the AASHTOWare® contractor:

#4;!0[? (uﬁicmzl E}SE;IUTT NW, Suite 249 2970 svlylﬂ 50th Terrace
oshingfon, Guinesville, FL 32608

Phone (202) 624-5621 C) InfOTeCh,_, Phone (357) 381-4400
E-mail thionchi@aoshto.org E-mail info@infotechl.com
Internet waw.gashtoware.org Internet waw.infotechfl.com

© Copyiight 2017 by the Americon Assodiation of Stofe Highway and Transportation Officials, Inc. Al rights reserved. This document or ports thereof may not be reproduced in any form without written permission of the publisher. Printed in the United
Stotes of America.

69. National Academies of Sciences, Engineering, and Medicine 2012, Estimating Life Expectancies
of Highway Assets, Volume 1: Guidebook. Washington, DC: The National Academies Press.
Paul D. Thompson, Kevin M. Ford, Mohammed H.R. Arman, Samuel Labi, Kumares C. Sinha, Arun
M. Shirole
Provides; overview to National Cooperative Highway Research Program (NCHRP), The National
Academies (Advisers to the Nation on Science, Engineering, and Medicine), and introduction to
estimating life expectancies of highway assets.
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NATIONAL COOPERATIVE HIGHWAY
RESEARCH PROGRAM

systematic, well-d Em.g;ned research prl11.'|.r]t'x the most effective
approach to the solution of many problems facing highway
administrators and engineers. Often, highway problems are of local
interest and can Best be studied by highway departments individually
of i coogeration with their state universities and others. However, the
accelerating growth of highway transpertation develops increasingly
qgmpl:t pr{.\h'lqrns of wide interest to hig'hwny authorities. These
problems are best studied through a coordinated program of
cooperative rescarch.

Iy recopnition of these needs, the higlway administrators of the
American Association of State Highway and Transpocrtation Officals
imitiated in 1942 an u-bjt,'-l;l,l'l.rq natignal hig_hm':.r research program
employing modern scientific techniques, This program is supported on
a continuwing basis by funds from participating member states of the
Adgociation and it receives the full cooperation and support of the
Federal Highway Administration, United Staves Department of
Transpariation.

The Transportation Research Board of the Mational Academiss was
requested by the Association to administer the research program
because of the Board's recognized objectivity and understanding of
modern research practices, The Board i3 aniguely suited for this
purpose s 1k mai niains an extensive committes strecture from which
authorities on any highway transportation subject may he drawn; it
possesses avenues of communications and cogperation with federal,
state and local governmental agencies, wniversities, and indastry; its
rl.']uli.um.ll.ip to the Matonal Research Council i3 an insurance of
nh|eclml]-: it rmaintains a full-tme research correlation ::I.al"l’ul’ﬂpul:l:lmls
in highway transportation matters to bring the findings of research
directly to those who are in a position to use them.

The program is developed on the basis of research meeds identified
by chiel administrators of the highway and transpormation departments
and by commuttees of AASHTO. Each year. specific areas of research
needs to be included in the program are proposed to the Matienal
Research Council and the Board by the American Association of State
Highway and Transporation Officials. Research projects to fulfill these
needs are deflined by the Board, and qualified research agencies are
selected from those that have submimed proposls. Adminstraton and
surveillance of research contracts are the responsibilities of the Mational
Reszarch Council and the Transportation Research Board

The needs for highway research are many, and the Mational
Cooperative Highway Research Program can make significant
cantributions to the solution of haglway transportation problems of
muteal concern 14 many Tuqmnnhle roups, The program, heowrever, 15
intended to complement rather than o substitute for or duplicats other
highway research programs.
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THE NATIONAL ACADEMIES

Advisers to the Nation on Science, Engineering, and Medicine

The National Academy of Sciences is a private, nonprofit, self-perpetuating society of distinguished scholars engaged in scientific
and engineering research, dedicated to the furtherance of science and technology and to their use for the general welfare. On the
authority of the charter granted to it by the Congress in 1863, the Academy has a mandate that requires it to advise the federal
government on scientific and technical matters. Dr. Ralph J. Cicerone is president of the National Academy of Sciences.

The National Academy of Engineering was established in 1964, under the charter of the National Academy of Sciences, as a parallel
arganization of outstanding engineers. It is autonemans i its admimistration and in the selection of its members, sharing with the
Mational Academy of Sciences the responsibility for advising the federal government. The National Academy of Engineering also
sponsors engineering programs aimed at meeting national needs, encourages education and research, and recognizes the superior
achievements of engineers. Dr. Charles M. Vest iz president of the Mational Academy of Engineering,

The Institute of Medicine was established in 1970 by the National Academy of Sciences to secure the services of eminent members
of appropriate professions in the examination of policy matters pertaiming to the health of the public. The Tnstitute acts under the
responsibility given to the National Academy of Sciences by its congressional charter to be an adviser to the federal government
and, on its own initiative, to identify issues of medical care, research, and education. Dr. Harvey V. Fineberg is president of the

Imstitute of Medicine,

The National Research Council was organized by the Natienal Academy of Sciences in 1914 to associate the broad community of
science and technology with the Academy’s purposes of furthering knowledge and advising the federal government. Punctioning i
accordance with general policics determined by the Academy, the Council has become the principal operating agency of both the
Mational Academy of Sciences and the National Academy of Engineering in providing services to the government, the public, and
the scientific and enginesning communities, The Councl is admimstered joimntly by both Acadermes and the Institute of Medicing,
Dr. Ralph 1. Cicerone and Dr. Charles M. Vest are chair and vice chair, respectively, of the National Research Council

The Transportation Research Board is one of six major divisions of the National Research Council, The mission of the Transporta-
tion Rescarch Board is to provide leadership in transportation innovation and progress through research and information exchange,
conducted within a setfing that is objective, interdisciplinary, and multimedal. The Board's varied activities annually engage about
TAHHD engineers, scientists, and other transportation researchers and practiionsers from the public and private sectors and academia,
all of whom contribute their expertise in the public interest. The program is supported by state transportation depariments, federal
agencies including the component administrations of the U5, Department of Transportation, and other organizations and individu-
als in1ur¢sl¢n:|. m ﬂ'n,- i,lrvg'lupmr;nl_ |_1|-1r:|n5];||;,trl,a:'i1,:|n. wmv,T'RB,urg

www.national-academies.org
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By Andrew C. Lemer
staff Officer
Transportation Research Board

This two-volume report provides a methodology for estimating the life expectancies of
major types of highway system assets, in a form useful to state departments of transportation
(DOTs) and others, for use in lifecyele cost analyses that support management decision
making. ¥Yolume 1 is a guidebaok for applying the methodology in DOT asset management
policies and programs. Volume 2 describes the technical issues and data needs associated
with estimating asset life expectancies and the practices used in a number of fields—such as
the energy and financial industries—to make such estimates.

The deterioration of highway infrastructure begins as soon as it is put into service. Effective
management of highway system assets requires a good understanding of the life expectancy
of each assel. Asset life expectancy is the length of time until the asset must be retired,
replaced, or removed from service. Determining when an asset reaches the end of its service
life generally entails consideration of the cost and effectiveness of repair and maintenance
actions that might be taken to [urther extend the asset’s life expectancy. Different types of
assets, such as pavements, bridges, signs, and signals, will have very different life expec-
tancies, Asset life expectancy also depends on the materials used; demands actually placed
on the asset in use; environmental conditions; and maintenance, preservation, and reha-
bilitation activities performed.

Effective management of highway system assets requires thal agency decision makers
design and execute programs that maintain or extend the life of the various types of assets
in the system at low cost. Designers use estimates of asset life expectancy in their lifecycle
cost analyses to make design decisions, but those estimates depend on assumptions about
maintenance practices, materials quality, service conditions, and characteristics of the
asset’s use. Il actual service conditions and maintenance activities subsequently differ from
the designer's assumptions, the asset’s lite is likely to be different from initial estimates.
Better information and tools for estimating asset life expectancies are needed to guide in-
service asset management programs. Research is needed to determine the life expectancies
of assets for at least four potential cases: (1) when maintenance and preservation activities
are performed as assumed by the designer in the lifecycle cost analysis, 12} when little or no
maintenance is performed over the life of the asset, (3) when more aggressive maintenance
and preservation activities are performed to extend the asset's life, and (4) when materials
or designs that require no or very little maintenance are used.

The objectives of NCHRP Project 8-71 were to (1} develop a methodology for determining
the life expectancies of major types of highway system assets for use in lifecyele cost analyses
that support management decision making: (2) demonstrate the methodology's wse for at
least three asset classes, including pavement or bridges and two others, such as culverts,
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signs, or signals; and (3) develop a guidebook and resources for use by state DOTs and
others for applying the methodology to develop highway maintenance and preservation
programs and assess the effect of such programs on system performance.

A research team led by Purdue University, West Lafayette, Indiana, conducted the
research, The project entailed a review of current literature and practices within highway
agencies and other industries, such as utilities and vehicle- and equipment-fleet manage-
ment, to describe the methodologics corrently used to determine life expectancy for major
assets. The research team considered both new and in-service highway assets {such as pave-
ments, bridges, culverts, signs, pavement markings, guardrail, and roadside facilities), and
described the factors likely to influence predicted or assumed asset life expectancies. These
factors include materials, design criteria, construction quality control, and maintenance
policies and practices. Data needs and availability influence analytical ability to estimate and
predict asset life expectancies. Geographic location and highway system management pali-
cies also influence life expectancies. Considering these factors, the research team described
methodologies for estimating the life expectancy of major types of highway system assets,
for use in lifecycle cost analyses that support maintenance and preservation management
decision making,

The research produced this two-volume report. Volume 1 is a guidebook designed to be
used by transportation agency staff wishing to estimate asset life expectancies. The guide
will be useful to agency stafl and their advisors in developing assel management and main-
tenance systems, policies, and programs. Volume 2 documents the research project and pre-
sents background information and research results that will be useful to other researchers and
practitioners wishing to know more about the theories and methods for estimating asset
life expectancies,

70. FHWA Guidance on Highway Preservation And Maintenance Memorandum, February 25, 2016.
From: Walter C. Waidelich, Jr.
Provides an update on guidance on highway preservation and maintenance activities to be
consistent with MAP-21 and the FAST Act including clarifications on funding.

The Moving Ahead for Progress in the 21 Century Act (MAP-21) and the Fixing America’s
Surface Transportation Act (FAST Act) recognized preservation as a vital component of
achieving and sustaining a desired state of good repair of highway facilities. By this
memorandum, FHWA is updating our guidance on highway preservation and maintenance
activities to be consistent with MAP-21 and the FAST Act. The following guidance
memorandums are superseded:

e Pavement Preservation Definitions, September 12, 2005
e Preventive Maintenance Eligibility, October 8, 2004
e Preventive Maintenance Questions and Answers, December 16, 2004

Please find attached guidance for both preservation and maintenance activities in question and
answer format.
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Preserv

Question 1: What is preservation?

Answer 1: Preservation consists of work that is planned and performed to improve or sustain
the condition of the transportation facility in a state of good repair. Preservation activities
generally do not add capacity or structural value, but do restore the overall condition of the
transportation facility.

Question 2: May a State transportation department use Federal-aid funds to perform
preservation work?

Answer 2: Yes, section 1103 of MAP-21 adds preservation to the definition of construction in
23 U.S.C. 101. As such, preservation work is eligible and encouraged under the National
Highway Performance Program and the Surface Transportation Program.

Question 3: Does MAP-21 mandate requirements for preservation programs?

Answer 3: No. However, Section 1201 of MAP-21 amended 23 U.S.C. 134 to require that the
Metropolitan Planning Process “provide for consideration of projects and strategies that will ...
emphasize the preservation of the existing transportation system.” (23 U.S.C. 134(h)(1)(H)). In
addition, the Long-range Statewide Transportation Plan “should include capital, operations and
management strategies, investments, procedures, and other measures to ensure the preservation
and most efficient us of the existing transportation system.” (23 U.S.C. 135 (f)(8)). Preservation
is a critical component of an agency’s asset management plan to achieve and sustain a desired
safe state of good repair over the lifecycle of the assets.

Page 160 of 215

Appendix Page 187



Maintenance

Question 1: What is maintenance?
Answer 1: Maintenance describes work that is performed to maintain the condition of the

transportation system or to respond to specific conditions or events that restore the highway
system to a functional state of operation. Maintenance is a critical component of an agencies
asset management plan that is comprised of both routine and preventive maintenance.

Question 2: What is routine maintenance?

Answer 2: Routine maintenance encompasses work that is performed in reaction to an event,
season, or over all deterioration of the transportation asset. This work requires regular
reoccurring attention.

Question 3: May a State transportation department use Federal-aid funds to perform
routine maintenance?

Answer 3: No. A State Transportation Department or other direct recipient is required to
maintain or cause to be maintained the project constructed under the provisions of chapter 1 of
title 23, U.5.C., or constructed under provisions of prior Acts. (23 U.S5.C. 116 (b))

Question 4: What is preventive maintenance?
Answer 4: Preventive maintenance is a cost-effective means of extending the useful life of the
Federal-aid highway. (23 U.S.C. § 116 (e))

Question 5: May a State transportation agency use Federal-aid funds te perform
preventive maintenance on highways?

Answer 5: Yes. The State Transportation Department must demonstrate to the satisfaction of
their respective FHWA Division Administrator that the activity is a cost-effective means of
extending the useful life of a Federal-aid highway. (23 U.S.C. § 116 (e)). Preventive
maintenance is a proactive approach to extend the useful life of the highway.

Question 6: May a State Transportation Department use Federal-aid funds to perform
preventive maintenance off highways?

Answer 6: No. The authorization for preventive maintenance is limited to a “Federal-aid
highway.” (23 U.S.C. § 116 (e)). A Federal-aid highway is defined as “a public highway
eligible for assistance under this chapter other than a highway functionally classified as a local
road or rural minor collector.” (23 U.S.C. § 101 (a)(6))
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71. Transportation Asset Management Plan Development Processes Certification and Recertification
Guidance; Transportation Asset Management Plan Consistency Determination Guidance,

Federal Register, Volume 82 Issue 106, Monday, June 5, 2017 (FHWA Docket no. FHWA-2017-
0018).

SUMMARY : The FHHA is seeking comments on two draft documents: (1)
Transportation Asset Management Flan Development FProcesses
Certification and Recertification Guidance, and (2) Transportation
Rzset Management Plan Consistency Determination Guidance. These
documents provide implementation guidance on provisions of the Moving
Ahead for Progress in the 2lst Century Act (MAP-21) and the Asset
Management Final Rule, which reguires a State department of
transportation (State DOT) to develop and implement a risk-based asset
management plan. Under these authorities, FHWA must (1) certify that
transportation asset management plan (TAMFP) development processes
established by a State DOT meet applicable reguirements, and (2) make
an annual consistency determination, evaluating whether a State DOT has
developed and implemented a 3tate-approved TAMP that meets all
applicable requirements. This notice announces the availability of
these draft documents on the online docket at the docket number for
this notice.

Background

Under the asset management provisions enacted in MAP-21, codified
at 23 U.5.C. 11%, State DOTs must dewelcp and implement a risk-based
TAME. This TAMP must include all MNational Highway Svstem (NHS)
pavements and bridges, regardlessz of whether the State or some other
entity owns the relevant NHS facility.

The FHWA must take two actions with respect to State DOT asset
management activities. The first is TAMF development process
certification/recertification. Under 23 U.5.C. 119%(e) (&), FHWA must
certifyv at least every 4 years that the State DOT's processes for
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developing its TAMP are consistent with applicable reguirements. The
FHWA must also recertify whenever the State amends its TAMP development
processes, in accordance with 23 CFR 515.13(c). The second FHWA action,
under 23 U.5.C. 115 (e) (3), is an annual consistency determination,
which evaluates whether the State DOT has developed and implemented a
TAMF that is consistent with the reguirements of 23 U.5.C. 119. The
FHWE adopted the asset management rule, 23 CFR part 51%, to implement
these and other asset management requirements. The FHWA Division
Offices (Divisions) are responsible for making these two decisions on
behalf of FWHA.

To assist State DOTs and Divisions with these requirements, the
FHWA Office of Asset Management, Pavements, and Construction is seeking
comment on the twoe draft guidance documents announced by this notice.
Please note that any comments should be limited to these guidance
documents; FHWA is not soliciting further comment on the Asset
Management Final Rule.

The Transportation Asset Management Flan Development

[[Fage 25%06]]

Processaes Certification and Recertification Guidance provides a
framework for Divisions to undertake and complete the process
certification for a State DOT's TAMP development processes as outlined
in 23 CFR 515.13. The Transportation Asset Management Plan Consistency
Determination Guidance assists Divisions on evaluating whether a State
0DOT has developed and implemented its TAMP in accordance with
provisions in 23 CFR 515.13(kh). All guidance is subject to change as
the state of asset management practices change and the asset management
rule is further implemented.

Authority: 23 U.5.C. 11%; 23 CFR part 515; 4% CFR 1.B5.
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72. National Academies of Sciences, Engineering, and Medicine 2015, Long-Term Bridge
Performance Committee Letter Report: February 20, 2015. Washington, DC: The National
Academies Press.

Ananth K. Prasad

Dear Mr. Nadeau:

| am writing to report the findings and recommendations developed at the meeting of the
Transportation Research Board (TRB) Long-Term Bridge Performance (LTBP)
Committee’ on December 2, 2014,

As you know, this Federal Highway Administration (FHWA) long-term program addresses
the challenges faced by federal, state, and local transportation agencies in the operation
and maintenance of their deteriorating highway bridges. The program will collect
research-quality data on a large representative sample of in-service U.S. highway
bridges and analyze these data to improve understanding of the mechanisms and timing
of bridge deterioration resulting from the effects of age, materials, traffic, and weather.
The data collection and analysis will also help evaluate the effectiveness of intervention
options in ameliorating this deterioration.

Through a contractual arrangement with FHWA, the National Research Council of the
National Academies provides advice and assistance on the conduct of the LTBP program
through the work of its TRB LTBP Committee.

The meeting agenda consisted of briefings by FHWA staff and contractors,” and each
briefing was followed by a question-and-answer period and discussion. The
presentations included

¢ The status of the LTBP program;

¢ Reports summarizing the recent meetings of the committee’s expert task groups on
durability and preservation, evaluation and monitoring, and traffic and truck weights;
and

. Updatas on the following subjects:
Program organization and staffing,
— Data collection protocols,
— Field data collection,
= Development of bridge practices timelines,
— Bridge performance index,
— Bridge deterioration models, and
— Other related subjects.
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Roster
TREB Long-Term Bridge Performance Committee

Ananth K. Prasad, Chair Jugesh Kapur
Secretary Senior Associate Bridge Engineer
Flarda Department of Transportation Burns and McDonnell
and
Malcalm T. Kerley, Vice Chair Chair, TRE Expert Task Group for LTBP Bridge
Prasident Traffic and Truck Weights

ML Construction Services, Inc.
John M. Kulicki

Sreanivas Alampalli Chairman and CEC

Director, Structures Evaluation Service Bureau Modjeski and Masters, Inc

Mew York State Dapartment of Transportation

and Richard . Land

Chair, TRB Expert Task Group for LTEP Bridge Retired (formerly Chief Deputy Director; California
Evaluation and Manitoring Department of Transportation)

R. Scott Christie Sandra Q. Larson

Deputy Secrefary for Highway Administration Systems Operations Bureaw Director

Pennzsylvania Department of Tranzportation lowa Department of Transportation

Karl H. Frank Paul Liles®

Chief Engineer Assistant Director, Bridges and Structures

Hirschfeld Industrias Geaorgia Department of Transportation

Gregg Fredrick” Andrze) 5. Nowak

Assistant Chiel Engineer Chair, Department of Civil Engineering

Wyoming Depariment of Tranzportation Auburn University

Bruce V. Johnson Kenneth D. Price®

State Bridge Engineer Wice President, National Bridge Praclica

Oregon Department of Transportation HNTE Corporation

and

Chair, TRB Expert Task Group for LTEBF Bridge
Durability and Praservation

73. National Academies of Sciences, Engineering, and Medicine 2007, Managing Selected
Transportation Assets: Signals, Lighting, Signs, Pavement Markings, Culverts, and Sidewalks. A
Synthesis of Highway Practice. Washington, DC: The National Academies Press.

Michael J. Markow
Provides insight to how State DOTs are managing culverts and other transportation assets.
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74. Measuring Performance Among State DOTs, Sharing Best Practices Comparative Analysis of
Bridge Condition Final Report, NCHRP 20-24(37)E, August, 2010
Spy Pond Partners, LLC with Arora and Associates

ACKNOWLEDGMENTS

This study was requested by the American Association of State Highway and Transportation
Officials (AASHTO), and conducted as part of National Cooperative Highway Research
Program (NCHRP) Project 20-24. NCHRP is supported by annual voluntary contributions from
the state departments of transportation (DOTs). NCHRP Project 20-24 provides funds for
research studies intended to address specific needs of chief executive officers (CEOs) and other
top managers of DOTs. The work was guided by an NCHRP project panel composed of
Daniela Bremmer, Washington State DOT; Mara Campbell, Missouri DOT; Hamid Ghasemi,
Federal Highway Administration; Paul F. Jensen, Montana DOT; Glenn A. Washer, University
of Missouri; and Peter Weykamp, New York State DOT. The project was managed by Dr.
Waseem Dekelbab, NCHRP Senior Program Officer.
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Executive Summary

Comparative Performance Measurement for Bridge Condition

Today's rransportation agencies need to And ways o improve service and demonstrate angible
resules for their customers while operating under increasingly tight resource constraints, Within
an agency, performance measurement provides a valuable tool for strengthening external
accountability and achieving alignment and focus around desired end results,

Comparative performance measurement allows agencies to examine their individual
performance within a larger contexr. It motivates organizations 1o pursue improvemnents by
showing them what their peers have been able to achieve. It facilitates improvement by
identifying specific pracrices of agencies that have achieved good results, Establishing
comparable measures can take considerable effort, but pays off when pardcipating organizations
learn from practices employed by their peers to improve their own performance. Comparative
performance measurement initatives also have the important effect of shining a spotlight on
current approaches to how performance s being measured and how results are being used.
Parricipating agencics have an opportunity to examine the consistency and accuracy of their
measurement practices, learn about differences in measurement across agencies, and work
l'l']“-'ﬂr[]ﬁ il grc:an:r I.'II'_"gl'l'_'E I:If l:nmmnnalit}'_

This report presents results of the fourth in a series of comparative performance measurement
cffores sponsored by the American Association of State Highway and Transportation Officials
(AASHTO). The purpose of these effores is o identfy states that have achieved exemplary
performance, find out what practices have contributed to their success, and document these
practices for the benefit of other states, This effort focuses on bridge conditon.

Contribution of This Study

This study was based on an analysis of bodge condition daca from the National Bridge Inventory
(NBL) Based on the available data, it identifies stares that have achieved a high level of
performance relative to other states, with respect o recently reported (2009 bridge condition or
with respect to improvements in bridge condition since 1999, It presents bridge management,
maintenance, design and constraction pracrices thar the represenratives of these stares feel have
cuntributud L] tI'LI'_'!ili! FI'L'I'FL}m'IHI'ICL' e HUJ.t.‘i. “.hﬂl‘ t"l-L"‘.‘CI'_' IJI'!]CI'_i.EL"N are ﬂl.l'li."ﬂll:l._"' Filll']j' "J.-'E”. I.'EEU;._‘"I'li.ZL'I'.:l.
among those in the highway bridge community, linking them to performance results serves to
underscore their importance. Given the cotical importance of beidges and the high costs of
bridge construction and preservation, this study adds an impaortant dimension of state
department of transportation (DOT) performance o the comparative performance
measurement series. Highlighting these resulis in the context of comparative performance
information provides a compelling basis for executives to quickly identify where they stand, see
the potential for further improvement, and scan the key types of practices that can be explored
for achieving that improvement.
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75. National Academies of Sciences, Engineering, and Medicine 2007. Multi-Objective Optimization
for Bridge Management Systems, NCHRP Report 590. Washington, DC: The National Academies
Press.

Vandana Patidar, Samuel Labi, Kumares C. Sinha, and Paul Thompson
Provides overview to methodologies for network-level and project-level optimization of
performance criteria and software modules, user’s manual, and demonstration database.

FOREWORD

By David B. Beal
Staff Officer
Transportation Research Board

This report describes the development of methodologies for network- and project-level
optimization of multiple, user-specified performance criteria. Bridge management software
maodules to implement the methodologies were also developed, The report details the devel-
opment of methodologies. The software modules, user’s manual, and demonstration data-
hase are provided on an accompanying CD-ROM. The material in this report will be of
immediate interest to bridge managers and planners,

Currently available bridge management system {BMS) tools compute an aptimal solu-
tion based on the objective of least long-term cost. Bridge managers are finding that their
constituents require bridge conditions to be substantially better than a least long-term cost
solution would provide. Research was needed to develop a multi-objective optimization
model.

To address this need, two distinct BMS optimization models were developed: a network
level model and a bridge-level model. The network-level model provides a decision-
making tool that optimizes bridge actions for multiple performance criteria, These perfor-
mange criteria could be cost, condition, risk, highway bridge replacement and rehabilitation
(HBRR) program eligibility, bridge health index, or others. The bridge-level model evalu-
ates the effect of bridge action alternatives on life-cycle cost and other performance criteria
for the purpose of selecting projects that are consistent with the network goals,

Both models use the AASHTO BridgeWare database supplemented with additional data
as needed, Commonly Recognized (CoRe) Element data are used for condition assessments.
The bridge-level model considers recommendations from the network-level model. In addi-
tion, the network-level model can consider projects selected within the bridge-level model.
These models also can operate independently. Both models explicitly consider the inherent
uncertainties of estimated costs and outcomes, The models are implemented in graphical
design software that will help bridge managers visualize the life cycle of individual bridges
and bridge inventories.

This research was performed by Purdue University, in West Latayette, Indiana, and Paul
D. Thompson, Consultant, The report fully documents the research leading to the recom-
mended models,
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76. National Academies of Sciences, Engineering, and Medicine 2013. Use of Transportation Asset
Management Principles in State Highway Agencies, NCHP Synthesis 439. Washington, DC: The
National Academies Press.

Neal Hawkins, and Omar Smadi
Provides overview to current state of practice for asset management among state departments
of transportation (DOTSs).

FOREWORD

PREFACE
By Jon M. Williams
Frogram Direcior
Transpartation
Research Board

Highway administrators, engineers, and researchers often face problems for which infor-
mation already exists, either in documented form or as undocumented experience and prac-
tice. This information may be fragmented, scattered, and unevaluated. As a consequence,
full knowledge of what has been learned about a problem may not be brought to bear on its
solution, Costly research findings may go unused, valuable experience may be overlooked,
and due consideration may not be given to recommended practices for solving or alleviat-
ing the problem.

There is information on nearly every subject of concern to highway administrators and
engineers. Much of it derives from research or from the work of practitioners faced with
problems in their dav-to-day work, To provide a systemaric means for assembling and
evaluating such useful information and to make it available to the entire highway commu-
nity, the American Association of State Highway and Transportation Officials—through
the mechanism of the Mational Cooperative Highway Research Program—authorized the
Transportation Rescarch Board to undertake a continuing study. This study, NCHEP Proj-
ect 20-3, “Synthesis of [nformation Related to Highway Problems,” searches out and syn-
thesizes useful knowledge trom all available sources and prepares concise, documented
reports on specific topics, Reports from this endeavor constitute an NCHRP report series,
Synthesis of Highway Practice,

This synthesis serics reports on current knowledge and practice, in a compact format,
without the detailed directions usually found in handbooks or design manuals. Each report
in the series provides a compendium of the best knowledge available on those measures
found to be the most successful in resolving specific problems.

Transportation asset management is a strategic approach to managing transportation infra-
structure. It focuses on business processes for resource allocation and utilization with the
objective of better decision making based on quality information and well-defined objec-
tives, This study reports the current state of practice for asset management among state
departments of transportation (DOTs), Tt is advised by the recent Folume 2 of the dsset
Management Guide—A Focus on Implementation, which provides a step-by-step process
that enables agencies to align their investment decisions to their strategic goals.

Information for this study was acquired through literature review, a workshop, inter-
views, and surveys of state DOTs.

Neal Hawkins and Omar Smadi, Center for Transportation Research and Educartion,
Ames, lowa, collected and synthesized the information and wrote the report. The members
of the topic panel are acknowledged on the preceding page. This synthesis is an immedi-
ately useful document that records the practices that were acceptable within the limitations
of the knowledge available at the time of its preparation. As progress in research and prac-
tice continues, new knowledge will be added to that now at hand.
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USE OF TRANSPORTATION ASSET MANAGEMENT
PRINCIPLES IN STATE HIGHWAY AGENCIES

SUMMARY

Foadway infrastructure within the United States includes features such as roads, bridges,
signs, pavement markings, traffic signals, support commerce and mobility, and is, in
essence, a shared financial public resource worthy of being managed at the highest level
of efficiency.

Stale departments of transportation {I7Ts), local transportation authorities, and fed-
eral agencies responsible for the fiscal management of the transportation system have
shown a growing inferest in advancing the state of practice in managing these critical
assels. In addition, the recent congressional passage of Moving Ahead (or Progress in the
2ist Century Act{MAP-21 Act) has established an outcome-driven, performance-tracking
approach that will hold states and metropolitan planning organizations accountahle for
ilnplm'ing the conditions and pn:l'l'i:prmam:n: of their transportation assets, It will therefore
increase agency attentiveness to these vital issues,

Transportation Asset Management (AM) 15 a strategic and systematic process of oper-
ating, maintaining, upgrading, and expanding physical assets effectively throughout their
life evele. It focuses on business and engineering practices for resource allocation and
utilization, with the objective of better decision making based on quality information amd
well-defined ohjectives,

Advancing AM capabilities and integrating these capabilities across an organization's
business units requires self-assessment, alignment, goal setting, and support. This synthe-
sis of iransportation assel management praciice among state highway agencies will be a
timely resource for agencies (o identily ther eurrent state of practice and determine where
they will direct their AM efforts.

Thiz synthesis is based on two separate surveys, with additional input from practitio-
ners, The imitial survey requested that participamts comduct a self-assessment to character-
ize their ageney™s AM practices. The survey utilized the self-assessment exercise from
Section 3.2 of the 2002 Transportation Asset Management Guide [WCHRP 20-24(11)],
which was designed to probe basic functions and capabilities that contribute to good AM
regardless of an agency’s particular characteristics and situation. The self-assessment
resulis reflect current and future (5-vear) business practices and the agencies’ instituiional,
organizational, financial, and IT environments, This survey yielded 18 DOT participant
responses (sce Appendix D).

Based on the resulis of the imitial Urvey, and in|'|ut from the 'I'upiu: Pamel, a second
survey wazs designed to capture the state of practice and forward looking expectations

{for the next 3 (o 5 vears) among state DOTs, Forty-three agencies participated in this
second survey.
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Anin=depth analvsis of the survey responses regarding AM implementation processes
and practices was conducted to investigate the following:

* The impact (importance) of having a mandate (internal or external) on implementing
AM practices (13 had a mandate versns 30 without a mandate)

* The importance of having an AM group (26 had a group versus 17 that did not)

= Analysis of transportation assel management plan (TAMP) examples provided by
agencies (ive agencies provided a copy of theirr TAMDP)

* Assessment of training and outreach activities on advancing AM practice.

A DOT summary of practice was developed amd categorized according to the basic com-
ponents of an A system, which include the following:

Organization—=5Sixty percent of the agencies have an AM group. Even though major
asset managers dominate the compaosition of these groups, top executives are represented in
imore than 0% of them, Fifteen percent of the respending agencies have created separate
divizions within their organization o support AM activitiez. Having an AM group, executive
involvement, and an AM structure within the organizabion is critical to support AM activity
development, implementation, and practice.

Data—ARM inventories have expanded beyond the traditional pavement and bridge
agzels (over T0% of the agencies report collecting signs, guardrail, culverts, and Lighting
information). In eddition, over 50% of the agencies are conducting condition assessmenis,
which lead to supporting investment analysis for project selection and resource allocation
recommencdations.

Drecision making — COver T0% of the responding agencies noted that using AM principles
has made their decisions more data drven, defensible, and performance-based. Sixty percent
of the agencies are balancing AM preservation and capital improvements, which is a critical
component for developing a sustainable infrastructure, Fifty percent of the agencies have
developed a process (o share AM information with elecied and appointed officials, which
is helpful for communicating investment needs and adding transparency 1o the decision-
making process and teade-offs. Even though agencies are collecting data beyond pavements
and bridges, they still need to expand the use of this information in the decision-making
process. For example, more than 90% of the agencies use AM information to select bridge
and pavement projects; however, for sther asset decisions (e.g., maintenance, operations, and
safety) this number drops below 0%,

Performance measures and risk—The primary performance measures that drive
agency decision making include either physical condition (8% or safety (90%:). Howewver,
more than hall of agencies reported both operations and capacity as decision-making driv-
ers, AT and 50%6 respectively, Only 27% of the respondents incorporate risk into their
shori-term decision making, which 15 normally asseciated with cost and schedules, Only
19% of agencies consider long-term risk in their decision making, which includes design,
sustainability, and climate change.

TAMP-—Of the five agencies that provided what they termed their Transportation Assel
Munagement Plan ( TAMP) documents, only two agencies (New Tersey and Georgia) provided
TAMPs that show a good example of a TAMP, according to the 2002 AASH T Transportation
Asget Management Guide. The remaining three agencies provided more of an implementation
plan or a strategic plan to initiate the practice of AM at a comprehensive level, Regardless, the
content of these plans is encouraging: they focus on more than just pavernent and bridges, and
comsuler imtegration, communication, and effective decision making,
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Oher findings from the synithesiz include the fallowing:

AM Mandate—Only 30% of the agencies (13 of 43) reported having some sort of
mandate to implement AM. The mandate helped the agencies develop an organization
structure to support AM (70% of mandate agencies had an AM group versus 56% for no-
mandate agencies). Even though the agencies” inventory practices were not much different
in comparison, the agencies with an AM mandate conducted more condition assessment
and checked the guality of the collecied data more than the no-mandate agencies [ B5% con-
ducted quality control/quality assurance (QC/(QA) versus 69% for the no-mandate group|.

This synthesis identified the fallowing future research needs to support AR

¢ Develop a common language for AM functions, practices, and processes. The results
from the AM state-of-the-practice survey highlighted a few areas where there is no
common understanding of the terminology, One good example is the TAMP, Out of the
five TAMPS received through the synthesis, enly two included all the required pares,

o Self-assessment tool. The 2002 AASHTO Transportation Assel Monagement Cruide
introduced the self-assessment so that agencies can plan their next moves in imple-
menting AM. The self-assessment tool needs to be modified to reflect changes
resulting from new research since 2002, the new AASHTO Transporiaiion Aszer
Management Guide: A Focus on Tmplementation (2011), and current state DOT prac-
tices. The new zell-assessment tool could be in electronic format, prefecably web-
based, to not only allow the agency to gather input from s staff but also provide
analysis capabilitics as part of the presentation of the results.

v Risk azssessment, As highlighted in the AM state-of-the-practice survey, risk is an activ-
ity that needs more short- and long-term focus, A svnthesiz of risk assessment practices
inan AM perspective would identify current activities and future research needs.

o A synthesis on the use of performance measures in AM. With the MAP-21 Actand the
FHWA's recent ereation of the Office of Transportation Performance Management,
it is critical to start investigating this topic by developing case studies on how some
agencies are utilizing this concept

o Develop case studies on best practices addressing different calegories of the maturity
scile presented inthis synthesis (1Le., organization structure, data, decision making,
performance measures, risk).

¢ Develop an obyective, comprehensive, and data-driven maturity scale to allow the
agencies (o assess their level of AM implementation and praciices,

 Conduet a domestic zcan of the agencies that scored high on the different
maturity categories.
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LITERATURE REVIEW

WHAT IS ASSET MANAGEMENT

According o AASHTO, “Transportation Asset Management
is & strategic and systematic process of operating, maintain-
ing, wpgrading, and expanding physical assets effectively
throwghout their life-cyvele. It focuzes on business and engi-
neering practices for resource allocation and utilization,
with the objective of better decision making based on quality
information and well-defined objectives.” In the transporta-
tion field, AM involves a large array of system components,
Examples of these azsets include “pavements, pavement marks
ings, rmsed pavement markers, structures, readside sizns,
traffic signals, roadway 1llumination, traffic barrers, gouard
fences, attenuators, maintenance cquipment, vehicles, intelli-
gent transportation svstem (TS ) equipment, trathic detection
equipment, real estate, corporate data and marerials™ (Kuhn
20001y, The items under state TOT jurisdiction vary, bul most
often include a large amount of lincar transportation assels,

ASSET MANAGEMENT HISTORY

Even though AM science and practice 15 not new—agencies
in Europe, New Zealand and Australia, and Canada started
in the late 19805 and early 199%(k—transportation agencies
in the United States were focuzing on the management of
pavementz and bridges as individual azsets rather than on a
comprehensive, integrated, and long-term approach to man-
aging all assets under their jurisdiction.

In 1996, AASHTO and FHWA hosted an executive-level
AM seminar in Washington, D0C. 1o introduce AM 1o the
state transportation agencies. During this event, participants
drawn from the leadership of AASHTO, FHWA, state trans-
portation departments, private industry, utility companics,
quasi-government organizations, and research and supplier
communities shared experience and expertise o improve the
quality of AM. The results are documented in FHWA's Azser
Management: Advancing the State of the Art into the 2iss
Century Through Public-Private Dialogee (1997, which
describes the goals, attributes, and wsefulness of AM. The
seminar focused on the need for integrated decision making
and the idea of going bevond just pavements and bridges.

The executive seminar in the District of Columbia was
followed by another executive workshop hosted by AASHTO
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and FHWA in October 1997 in Trov, New York. The miz-
zion of the workshop was to evaluate current AM practices,
technologies, and tools, and to develop a strategy for moving
forward a cooperative AM initiative. A basic definition of
AM was introduced during the meeting and later adopted
by AASHTO. These two events were the beginning of the
ongoing bienmial series of National Asselt Managemeni Con-
ferences. The most recent conference (th Mational Asset
Management Conference) in San Diego attracted more than
320 attendees with 34 state DOTs represented,

The following 15 a timeline of national-level AM activi-
ties that started the effort to support AM development and
implementation in the United States,

« 1998 Following the two successful AM executive semi-
nars, AASHTO created their AM Task Force to develop
a strategic plan for implementing AM across the state
[DOTs. The task force was later converted to a subcom-
mitiee under the standing commitiee on planning and
the standard commitiee on highwavs, The task force
developed a strategic plan for AM implementation in
20012 that has been updated twice since then.
+ 1999: FHWA recognizes the importance of AM and
creates a new otfice under the Infrastructure Program
1o suppoert AASHTO and the state DOT's AM efforts,
In helping the states, the new FHWA Office of Asset
Management agreed with AASHTO that
AM needs to be flexible to address the varying
needs of each state,

— AM implementation must be voluntary.
It is important that AM involve a great deal of com-
munication and education.

+ 1999: The 3rd Aszset Management Mational conference
was held in Scortsdale, Arizona, with 2 major focus
on the Governmental Accounting Standards Board
{GASE) statement 24, GASB 34 required state and local
governments (o begin reporting all financial transac-
tions, including the value of their infrastructure assets,
roads, bridges, water and sewer facilities, and dams, in
their annual financial reports on an accrual accounting
basiz, GASE 34 included a modified plan that allowed
agencies using AM to manage their assets to a defined
level of service {condition level) rather than depreci-
ate them to determine their financial value, GASB 34
required agencies 1o conduct asset inventories (major

Appendix Page 201



assets) and, if the modified approach is used. do condi-
[0 SUrveys.

2000: TRE joins both AASHTO and FHWA and
creates an AM Task Force to address the research
amd education needs of the agencies starting the AM
process, This was later changed 1o a full comminiee
(ABC40), which still maintaing close communica-
tion and coordination with the AASHTO and FHWA
counterparts to advance AM science, practice, and
implementation, In addition to the annual meeting, the
TRB AM Committee holds a midyear meeting with the
AASHTO AM Subcommittee.

2001: The 4th Mational Asset Management Conference
was held in Madison, Wisconsin, This meeting was
focused more on AM as opposed to GASE 34, given
that DTS were still focusing on pavement and bridge
as=els rather than the holistic approach advised by the
AM process.

2002: AASHTO adopts the guide developed through an
MCHRP project [20-24(11)] as its first Trassportarion
Aszer Management Guide (2002), As part of the guide,
a sellazsessment ool was developed to help state
DOTs gauge their progress in AM implementation
and identify arcas that need additional effort. The self-
agsessment was used as the first survey as part of this
symthesis that was completed by 18 state DOTs

2002: The MWatiomal Highway Institute introduces
a l-dav AM workshop based on the AASHTO
Transportation Asset Management Guide. The work-
shop would be later modified (on two occasions) o
reflect changes in how siate DOTs are responding o
different AM principles and how some agencies are
pracicing AM. The workshop 1= still offered with an
optional half-day that helps the DOT identify gaps,
hased on the self-assessment, and then develop steps
o address those gaps on short- and long-term bases
2003: 5th Mational AM Conference is held in two
lecations (Atlanta and Scattle). This conference
focused on an integrated approach and discussions on
imvestment analvsis.

2005: 6th National AM Conference in Kansas City, The
meeting was held in conjunction with the st National
Conference on Boadway Pavement Preservation. The
interaction among the two groups was very beneficial
given that it introduced the concept of trade-off analy-
gis between capital investment and assel preservation
as an AM function, This synihesis survey addresses
those questions and how some DOTs are dealing with
thosze 1ssues,

20007 AASHTOVFHWA Asset Management Domestic
Scan report, The LLE, scan was conducted in 2006 and
included six DOTs (Florida, Michiganm, Minnesoia,
Ohio, Oregon, and Uah), rwo metropolitan planning
organizations, and several local agencies. The purpose
of this scan was to identify best case examples of the
application of AM principles and practices in ULS, trans-
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portation agencies, The scan findings can be sumima-
rized as follows (U5, Domestic Scan Program 2007 ):
— The importance of having a champion within the
agency to push AM forward with support from
exeCitives
The importance of life-cyvele cost decizion making
versus o worst-first approach
— The use of performance measures that affect deci-
sion making and guide investment
Little evidence of risk analvsiz and the inclusion of
risk as part of the AM process
Drara ssues and the need for more cost-effective
ways o collect asset data (inventory and condition).

« 2007: Tith National AM Conference in Mew Orleans.
A transit track was added to this meeting to shift the
primarily pavement and bridge-bazed focus to other
aszels. The meeting included sessions on economic
analysiz as well as incorporating risk and performance
as part of the AM decision making process. The syn-
thesis survey explores how state DTz have addressed
those issues as part of their decision-making process,

= 2009 Bith Mational AM Conference in Portland,
Oregon. The Portland meeting was splitinte tracks that
dealt with data, safety, and pavements. The data track
covered performance-based and risk-based data needs
for decizion making. The safery track focused on how
safety and AM can be integrated (o support decizion
making and investment.

+ 2012: 9th National AM Conterence in San Diego. This
mest recent conference had the largest DOT represen-
tation to-date (34 state DOTs atended). The San Diego
conference focused on AM implementation and high-
lighted how some state DOTs are practicing AM. An
AM Pooled Fund group (11 DOT members) met as a part
of the conference and provided inpaut on the analysis of
sirvey resulis for this synthesiz, AASHTO and FHWA
also hosted an AM Peer Exchange during the conference,

During this period. FHWA sponsored several peer
exchanges on AM practices discussing Geographic Infor-
mation Systems (Charleston, West Virginia, 2009, salety
(Cheyenne, Wyoming, 20001) and implementation (San
Diego, California, 2002y, FHWA produced several case stud-
ies on data integration, economic analysis, comprehensive
AM implementation, and life-cycle cost analysis, Those case
studies are as an excellent resource for other agencies inter-
ested in implementing different components of their AM
process. Information on all of these resources 15 available
on the FHWA website and 1= listed as part of the resources
section in the literature review,
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77. National Academies of Sciences, Engineering, and Medicine 2009. A Plan for Developing High-
Speed, Nondestructive Testing Procedures for Both Design Evaluation and Construction
Inspection (2009), SHRP 2 Report S2-R06-RW. Washington, DC: The National Academies Press.
Andrew J. Wimsatt, Tom Scullion, and Emmanuel Fernando
Insight to non-destructive testing (NDT) emerging technologies and state of implementation.

FOREWORD
Monica A Starnes, SHAP 2 Senior Program Officer

The first project in the second Stratepic Highway Research Program (SHEF 2} in the field
of nondestructive evaluation (MDE] was completed in 2008, The project evaluated the exist-
ing and emerging NDE technologies and their state of implementation to satisfy NDE
requirements for highway renewal. For the requirements not yet addressed with fully imple-
mented NDE technigues, a research plan was devised for developing technologies to deal
with the most pertinent requirements for bridges, pavements, tunnels, soils, and retaining
walls through the life of the facility. The lindings of this project related to NDE and its rec-
ommendations for subsequent research work in this area are presented in this report.

The strategic objective of highway renewal research in SHRP 2 is to develop the necessary
teols to “get in, get out, and stay out” when renewing the existing highway infrastructure.
To accomplish the geals implied in this motte, technelogies and processes that yield long-
lasting facilities through rapid design and construction approaches while minimizing the
impact to highway users are needed. Nondestructive testing (NDT) techniques that can pro-
duce rapid inspection of new construction would facilitate timely reopening of a highway
afler reconstruction, Adequate NDT techniques are also needed Lo ensure the quality of con-
struction required for long-term performance,

Under SHEP 2 Froject RO&, a research team led by Andrew Wimsatt of the Texas Trans-
portation Institute thoroughly reviewed existing and emerging NDE technologies, evaluated
the existing inspection requirements, and developed a research and development (R&D)
plan to address those requirements.

Initial tasks in the rescarch focused on gathering data from literature reviews, surveys, and
in-person interviews with state departments of transportation in the United States, members
of the Forum of European Mational Highway Research Laboratories, academia, and indus-
try. The data-gathering activities identified existing NDE technigues and practices, emerging
technologies, and apparent gaps between current and luture inspection requirements and
existing and emerging technology. The R&D plan was developed to address the gaps.

The main audience for the R&D plan is the SHREF I Technical Coordinating Committes
for Renewal, which will use the plan to program additional research funds for NDE. The
information in this report has the potential to facilitate other agencies’ research plans in this
field; thus, other research organizations and funding agencies are also possible audiences.

The research team identified more than 20 areas of study that must be addressed with sub-
sequent research. The team also provided detailed recommendations to address the top six
research needs:

= Automated methods of accurately profiling bridges;

= Changes in p-mf'llts of tunnel linings over time;

» [dentification of bridge deck deterioration, including its cause;

« Continuous deflection device at the highest possible speed for pavemenls;

» New NDT guality assurance tools for ensuring quality construction; and

= Measurement of interlayer bonding between hot-mix asphalt layers for pavements,
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78. National Academies of Sciences, Engineering, and Medicine 2019. Geotechnical Asset
Management for Transportation Agencies, Volume 1: Research Overview. Washington, DC:
The National Academies Press.

Mark Vessely, William Robert, Scott Richrath, Vernon R. Schaefer, Omar Smadi, Erik Loehr, and

Andrew Boeckmann.
Provides Geotechnical asset management concepts, ideas, and recommendations for
consideration and use by transportation owner agencies.
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By Camille Crichton-Sumners
Staff Officer
Transportation Research Board

NCHRP Research Report 903: Geotechnical Asset Management for Transportation Agencies
provides an introduction and scalable guidance for state transportation agencies on how to
implement risk-based geotechnical asset management into current asset management plans.
Volume 1, Research Overview, details the scope, process, and findings of the study. Volume 2,
Implementation Manual, assembles the research results into guidance that should be of
immediate use to practitioners who maintain geotechnical assets including walls, slopes,
embankments, and subgrades. Complementary downloadable files include planning tools,
additional examples and models, and training slides to facilitate agency use of this planning
approach.

The management of bridge and pavement assets has for many years garnered significant
attention by state transportation agencies while the management of geotechnical assets—
such as walls, slopes, embankments, and subgrades—has been elusive. Traditionally, geo-
technical assets have been treated as unpredictable hazard sites with significant potential
liability because failure of any geotechnical asset may lead to traveler delay, damage to other
assets, or impact safety. Geotechnical assets are, however, vital to the successful operation
of transportation systems and present an opportunity for system owners and operators to
realize new economic benefits through risk-based asset management.

Under NCHRP Project 24-46, “Development of an Implementation Manual for Geo-
technical Asset Management for Transportation Agencies,” the research team was tasked
with the development of a literature review, case study synthesis, and guidance for state
transportation agencies on developing and implementing geotechnical asset management
(GAM) plans. Volume 1 of NCHRP Research Report 903 provides background on the project
and discusses the benefits of proactively addressing GAM. The accompanying Volume 2
provides a GAM Implementation Manual. Downloadable files that complement the report
include a spreadsheet-based GAM Planner tool, a net present value (NPV) template, user
guides for the tool and template, a GAM plan outline, and additional examples and models.
Training slides also are provided to facilitate immediate implementation by state transpor-
tation agency practitioners. Both volumes of NCHRP Research Report 903 and all of the
downloadable files can be accessed from the report webpage by going to www.trb.org and
searching “NCHRP Research Report 903”.
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SUMMARY

Geotechnical Asset Management
for Transportation Agencies,
Volume 1: Research Overview

Even though bridge and pavement conditions receive much of the media attention and
legislative directives for state departments of transportation (DOTs), the value and perfor-
mance of other assets also are important to the effective operation of the transportation
system throughout its life-cycle. One such asset category is geotechnical assets, which are the
walls, slopes, embankments, and subgrades that contribute to the ability of a transportation
agency to perform its strategic mission. According to the FHWA (2018), “transportation
asset management [TAM] plans are an essential management tool which bring|s] together
all related business processes and stakeholders, internal and external, to achieve a common
understanding and commitment to improve performance.” To truly drive performance,
transportation agencies therefore need to look beyond the two legacy asset categories named
in federal authorization and better understand the impact of all assets—including geotech-
nical assets—within the system that they must manage as responsibly and cost-effectively
as they are able.

Implementing asset management practices for geotechnical assets enables an infrastruc-
ture owner to measure and manage the life-cycle investment considering performance
expectations and tolerance for risk. Although geotechnical asset management (GAM) is
not typically mandated through legislative processes, the reasons for adopting this practice
are comparable to those that justify any other business practice that is directed at making
smart investments with limited funds. Without employing GAM, organizations are accepting
unknown magnitudes of undue risk to traveler safety, mobility, and economic vitality, while
potentially making unfavorable life-cycle investment decisions.

Fortunately, for an owner of geotechnical assets, risk-based GAM implementation can
build on the practices developed by successful programs. Two such programs in the United
Kingdom have more than 15 years of implementation experience: Highways England
manages 4,400 miles of roadways with 49,000 slope and embankment earthwork assets
that are similar in age to many DOT geotechnical assets in the United States, and the
UK’s Network Rail system has more than 9,800 miles of railway with 191,000 earthwork
assets, most of which are well over 125 years old. When combined with other international
and domestic geotechnical asset and natural hazard management programs, these examples
provide valuable information on the need for and benefits of GAM regardless of asset age,
as well as implementation concepts that can enable rapid return on investment (ROI).

An early benefit of GAM implementation is the efficient use of taxpayer funds through
leveraging existing practices that minimize the need for significant investment in new pro-
grams or re-allocation of resources. Drawing from existing risk-based asset management
practices, Volume 2 of NCHRP Report 903 (the GAM Implementation Manual) incorporates
the use of a spreadsheet-based (Microsoft Excel) software tool, the GAM Planner. Together,
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the GAM Implementation Manual and the Gam Planner tool can enable an agency to imple-
ment a risk-based asset management program quickly and without requiring significant
start-up costs or efforts. Once asset management has started, evidence from across the
asset management spectrum indicates that a program will mature through justified process
improvements that support ROI. Therefore, an implementation workflow for GAM can
start simply and with an incomplete inventory that advances with time.

The goal of any asset management system is to logically align asset design, operations,
maintenance, and upgrade decisions with agency goals and objectives. For GAM implemen-
tation to succeed across an organization, the program should relate how asset performance
affects both customers and the decisions made by executives who focus on agency goals and
objectives. For this to occur, asset performance measures should relate to high-level agency
objectives such as common safety and system performance objectives. The GAM imple-
mentation process and the accompanying GAM Planner developed through this research
center on performance objectives related to asset condition, safety impacts, mobility, and
economic consequences, which are common objectives across DOTs and offer a means for
connecting geotechnical asset performance to stakeholder goals and objectives.

In addition to alignment with stakeholder objectives, consistent use of definitions within a
GAM taxonomy that is aligned with other asset management systems can enable communi-
cation across disciplines within the organization and among different agencies. Definitions
of asset provided by both AASHTO and the International Organization for Standardization
(ISO) support the recommended geotechnical asset taxonomy consisting of walls, slopes,
embankments, and subgrades as physical assets within the right-of-way (ROW). Further,
the basis for this taxonomy is validated by several years of applied GAM for transportation
systems in the United Kingdom.

1.2 Research Need

Geotechnical assets are the walls, slopes, embankments, and subgrades that contribute to the
ability of a transportation agency to perform its strategic mission. Historically, geotechnical
assets have been treated as hazard sites that create unpredictable financial liabilities to opera-
tions and/or have been ignored until failure forces unplanned action. The literature contains
numerous examples of direct and indirect economic consequences that have resulted from the
adverse performance of a geotechnical asset. As a result, it can be shown that these assets—
when they perform correctly—contribute measurable value to the transportation network.
Walls, slopes, embankments, and subgrades are, indeed, assets, and they should be managed
to realize the measurable life-cycle cost, risk-reduction, and performance benefits that are
possible for owners and users. This conclusion is supported by examples from sustainable,
successful risk-based GAM programs like those associated with passenger rail and highway
networks in the United Kingdom.
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Extrapolating the consequences from adverse performance and potential benefits from
investment in GAM to all U.S. state transportation departments, federal land management
agencies, and local jurisdictions, the purpose and need for GAM is measurable and substantial.
Further, federal authorizations, such as MAP-21 in 2012 and the FAST Act in 2015, specify risk-
and performance-based asset management for bridges and pavements while encouraging state
transportation agencies to develop and implement transportation asset management (TAM)
strategies for all assets within the ROW.

Advancement has been made in the overall practice of TAM to allow transportation agencies
to focus strategically on the long-term management of government-owned assets. A few states
have started GAM programs in conjunction with TAM, but the early efforts have focused mostly
on the inventory and condition measurement steps. Among states that have yet to start GAM,
many indicate a need and desire but also indicate several barriers to implementation. As a result,
the benefits of asset management have not been fully realized for geotechnical assets in most U.S.
transportation agencies.

1.3 Benefits of GAM

Based on outcomes from established GAM programs and TAM practices in general, perform-
ing GAM vyields the following benefits:

+ Financial savings across the geotechnical life-cycle, with values reported to be greater than
30 percent by the U.S. Army Corps of Engineers (USACE 2013) and 60 percent to 80 percent
per unit length of embankment in the United Kingdom (Perry et al. 2003);

* A process to measure and manage involuntary safety risk exposure across the entire asset class;

 Lessened traveler delay and closure times, resulting in improved network operational
performance;

* Reduced adverse economic impacts to users, private enterprise, and communities;

» Fewer impacts and damages to other transportation assets;

* Demonstrated stewardship, including protection of environmental resources, which enhances
agency reputation and improves sustainability;

* Incorporation of data and processes into informed decisions that support agency and stake-
holder objectives;

« An understanding of current risk exposure levels and distribution, and the ability to manage
those risks;

« Data and processes for prioritizing operations and maintenance (O&M) decisions;

* The ability to start very simply and adapt the GAM process over time as the economic benefits
are realized; and

* An implementation process that does not involve compliance or reporting requirements,
and for which the initial data collection stages can be directed at enabling O&M decisions.
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1.4 Research Objectives and Scope

The objective of this research was to produce a manual for implementing GAM that provides
tools for a consistent management program that also is flexible for adaptations by differing
agencies as they integrate their geotechnical assets into the TAM program. Given that (1) GAM
is not a federally required process (beyond what is required in bridge asset management at this
time), and (2) funds and staff resources are anticipated to be limited at the start of a program,
the research team recognized that the implementation process must be simple and practical to
enable broad adoption across agencies.

The scope of work activities performed for this research included:

* Task 1: Kick-off Meeting and Work Plan Formulation. A teleconference between the research
team and NCHRP was completed to present the amplified Work Plan. Input from the panel
members was incorporated into Tasks 2 and 3.

 Task 2: Literature Review. The literature review encompassed gathering and reviewing infor-
mation from national and international literature based on sub-topics that included best
practices; the integration of inventory, condition, risk, and performance in assessment; risk
and risk-based management; and life-cycle costs and investment.

« Task 3: Case Study Synthesis. This task involved documenting and synthesizing a range of
case studies of agency practices that represented differing geologic terrains, agency structures,
levels of maturity of the asset management process, performance perspectives, risk tolerances,
and investment capabilities. An outcome from the synthesis was identification of geotechnical,
planning, and executive actions to enable implementation.

* Task4: Deliver Interim Report. The Interim Report presented the findings of the case studies
and the literature review with a synthesis of practices for enabling GAM.

* Task 5: Host Interim Meeting. A panel meeting was held to review the findings that were
presented in the Interim Report and to present the Phase IT Work Plan.

+ Task 6: Develop GAM Implementation Plan. A GAM implementation process was developed
that follows asset management steps for objectives and measures, inventory and condition,
performance gap identification, life-cycle cost, risk management analysis, financial planning,
and investment strategies.

+ Task 7: Data Management for GAM Implementation, A spreadsheet-based (Microsoft Excel)
worksheet template (the GAM Planner) was developed to enable an agency to implement GAM
following the process described in Task 6.

* Task 8: Deliver Final Deliverables. The final deliverables included a draft implementation
manual (now Volume 2 of NCHRP Research Report 903), a final research report (now this
volume of the report), a technical memorandum on the implementation of the research
findings (available from the NCHRP 24-46 project page), a slide-based (PowerPoint) training
presentation, and additional training materials.
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2.1 Literature Review

The literature review involved collecting and synthesizing information from national and
international sources on topics related to best practices, assessment, risk and risk-based
management, life-cycle costs and investment, and cross-asset interaction and decision support.
The research team categorized and summarized information based on its potential practical
application toward GAM implementation. Selected references were included in the GAM Imple-
mentation Manual. A brief summary of the literature review is available online as an appendix
to this volume and can be downloaded from the NCHRP Research Report 903 web page at www.
trb.org.

2.3 Initial Findings

The team reviewed the findings from the literature review and case studies to synthesize the
practices found; to identify effective implementation models, performance measures, risk and
risk management processes, and steps to enable asset management; and to identify examples of
demonstrated ROI. The synthesis, provided in the Interim Report, evaluated the role of people,

The findings included international examples of successful GAM programs that exhibit a
complete implementation process from setting objectives and measures through life-cycle cost
and risk management analysis, financial planning, and investment decisions. These existing
GAM programs are now increasing their asset management maturity level based on the real-
ization of benefits made evident by the tracking of asset performance after implementation.
A finding from the case studies of agencies yet to start GAM was a need for tools and guidance
that can enable starting GAM, particularly given the anticipated near-term federal and state
legislative environment, which will not require or fund GAM. In this environment, proposed
expenditures of time and resources to implement GAM must be justifiable under a social or
economic need rather than a regulatory requirement.
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2.5 Development of a GAM Implementation Process

The GAM implementation process was developed using a cross-disciplinary combination

of executive, asset management, and geotechnical practice perspectives. The implementation
process followed the AASHTO TAM steps of: objectives and measures, inventory and condi-
tion, performance gap identification, life-cycle cost and risk management analysis, financial
planning, and investment strategies. The implementation process has been documented in the
GAM Implementation Manual.

Throughout the development of the implementation process, the research team emphasized

formulating an approach that was directed at:

Enabling a quick start to inventory and assessment without requiring a new program, spe-
cialized software, investment in inventory data collection, or significant staff or contractor
support;

Developing a risk-based GAM process directed at performance objectives for asset condition,
safety impacts, and mobility and economic consequences;

Enabling implementation by individuals other than geo-professionals, including TAM and
other planning staff, bridge/structure inspection teams, and general engineering staff;
Constructing flexible frameworks for prioritizing asset treatment decisions based on risk
and/or investment considerations;

Emphasizing connection with agency executives through business and investment cases
for GAM;

Promoting a consistent inventory and assessment process across geotechnical asset types;
Starting GAM following a simple workflow that can be modified as justified through process
improvement steps; and

Developing recommendations for incorporating GAM at both the program and project levels
and in both the operations and design life-cycle phases.

The proposed implementation process consists of a simplified workflow for:

Identifying and locating assets;
Selecting from a five-level category for the operation and maintenance condition of an asset;
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+ Assessing the asset performance consequences;

* Reviewing the recommended treatment recommendations;
* Analyzing differing investment levels; and

« Communication of initial results.

The GAM Implementation Manual recommends starting the GAM process with a small quan-
tity of known assets as a means to quickly implement the complete asset management process
before expanding the inventory or considering process improvements. Once started, suggested
next steps include:

» Expanding the inventory of assets through various means and methods;

» Calibrating the default asset models;

* Developing new asset models, if needed;

¢ Including other agency staff in inventory development;

+ Developing data management practices with agency staff to enable visual communication of
asset characteristics and performance;

 Authoring a GAM plan document; and

+ Adding objectives and measures based on stakeholder feedback.

2.6 Data Management for GAM Implementation

A supporting task to the GAM implementation process involved development of a non-
proprietary spreadsheet-based (Microsoft Excel) tool to accompany the GAM Implemen-
tation Manual. This tool, referred to as the GAM Planner, provides a means to begin a
consistent geotechnical asset inventory and assessment process that includes geo-spatial asset
data and enables decision-making processes based on investment returns and a risk perfor-
mance measure. The GAM Planner will enable GAM across staff levels to follow a workflow
for inventory development and assessment using default asset model templates. The GAM
Implementation Manual also provides guidance for developing agency-specific asset models
if desired.

The GAM Planner was formulated for adoption by a state transportation agency starting
GAM at a simple asset management maturity level. An agency that already has some form of
initial geotechnical asset inventory could adapt the existing data in the GAM Planner if desired.
In addition to the spreadsheet tool, and as a GAM program matures, implementation staff may
wish to consider using more robust agency-supported enterprise software that might offer addi-
tional analysis capabilities, and may be more compatible with other TAM databases used within
the agency.

The implementation process also provides guidance on data and data management prac-
tices. Because data management practices are emerging topics with agencies and more specific
to the systems and processes of each agency, the data management framework provided for the
GAM implementation process is directed toward enabling integration into DOT enterprise
systems.
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Part A - * Why Implement GAM
Introduction and the
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Part B - e GAM Planner Steps
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Figure 2.1. GAM Implementation manual, final organization.
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3.1 Definition of the Geotechnical Asset Category
and Types

The glossary in the AASHTO Transportation Asset Management Guide: A Focus on Implemen-
tation (2011) defines an asset as follows:

An asset is the physical transportation infrastructure (e.g., travel way, structures, other features and appur-
tenances, operations systems, and major elements thereof); more generally, can include the full range of
resources capable of producing value-added for an agency: e.g.,, human resources, financial capacity, real
estate, corporate information, equipment and materials, etc.; an individual, separately-managed component
of the infrastructure, e.g., bridge deck, road section, streetlight.

Issued in 2014, the ISO 55000 series of standards are used in asset management practices
internationally and across infrastructure systems. The ISO 55000 standards define an asset as an
“item, thing or entity that has potential or actual value to an organization; value can be tangible
or intangible, financial or non-financial, and includes consideration of risks and liabilities.”

In both definitions, an asset can be shown to be a physical object or component that contrib-
utes value to an organization, such as a public transportation agency. Bridges and pavements are
examples of physical asset categories that are required to have asset management plans per federal
authorization. However, bridges and pavements are not the only physical assets that contribute
value to an organization tasked with providing public transportation infrastructure. The intended
function of a bridge or pavement asset and ultimately the entire system can only be fully realized
when the connecting and/or supporting assets also function. Geotechnical assets therefore can be
identified as an additional asset category that provides value to an agency while also enabling the
desired value from existing legacy asset management programs for bridges and pavements.

When reviewing the successful GAM programs for Highways England and Network Rail,
geotechnical assets are defined as cut slopes (cuttings) and embankment assets within the agency
boundary (Network Rail 2017, Power et al. 2012). Domestically, Thompson (2017) identifies
rock and soil slopes, embankments, retaining walls, and material sites as geotechnical assets
in the Alaska Department of Transportation and Public Facilities (Alaska DOT&PF) GAM
plan; while Anderson et al. (2017), presents a summary of Colorado DOT GAM programs that
consider retaining walls a separate unique asset, and, slopes, embankments and subgrade as a
combined geohazards category.

3.1.3 Retaining Walls

Retaining walls are a common type of geotechnical asset, usually consisting of constructed
structures that hold back natural soil or rock or engineered materials to prevent sliding of
material onto a roadway or other structure, or to support a roadway. Retaining walls also are
referred to as earth retaining structures in some organizations.

Current design guidance for many wall types indicates that retaining walls will have vertical or
near vertical face inclinations of 70 degrees or steeper. For consistency with wall design practices,
a structure with a vertical face inclination of less than 70 degrees can be classified as an embank-
ment or slope that likely relies on reinforcement improvements for stability. The recommended
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wall height for inclusion into a GAM plan is 4 feet of exposed face height, which is based on what
commonly defines an engineered retaining wall.

In many cases, a retaining wall is associated with a bridge structure or approach to a bridge.
As indicated in the GAM Implementation Manual, if a wall also functions as a bridge abutment
that is integral with the bridge structure, the wall should be considered to be part of the depart-
ment’s bridge inspection and asset management program and should not be inventoried and
assessed as an independent asset. All other walls associated with bridge approaches are encour-
aged to be incorporated into the GAM plan if they are not already managed in an existing asset
management program.

3.2 Purpose of GAM

GAM enables an agency to measure and manage the life-cycle investment of assets such as
slopes, embankments, walls, and unstable subgrades based on performance expectations and
risk tolerance. In the absence of GAM, an agency accepts unknown magnitudes of risk to traveler
safety, mobility, and economic vitality, while also potentially making less than optimal life-cycle
investment decisions.

To provide evidence of the business case and potential investment and risk-reduction
benefits, examples of successful GAM or related similar programs are provided here and in the
GAM Implementation Manual. A key component of these examples is that risk-based GAM is
providing benefits through processes that have existed for approximately 15 to 20 years, depending
on the program.

» Network Rail manages approximately 19,200 miles of the rail network in Great Britain, much
of which extends through gentle topography. The network includes many cut slopes and
embankments that were developed between 1830 and 1880. Network Rail has established a
GAM system that consists of risk-based inventory, assessment, and intervention processes
that have resulted in documented improvements in safety and delay risk for their system since
implementation 15 years ago (Network Rail 2017). The Network Rail system has matured
with regard to several processes, with recent changes made to the risk assessment process
based on asset performance data that enables informed model calibrations. Further, studies of
the proactive management of embankment assets supporting railroad lines and motorways in
the United Kingdom demonstrated realized life-cycle cost savings of 60 percent to 80 percent
per unit length of embankment (Perry et al. 2003).

» The UK Highways Agency (now called Highways England) is responsible for approximately
4,400 miles of roadway throughout the United Kingdom, including about 45,000 geotechnical
assets. In 2003, Highways England initiated GAM with the first strategy document. Geotechni-
cal assets in the Highways England program consist of embankments and cut slopes, with the
majority constructed from the late 1950s to 1990s. As presented by Power et al. (2012), Highways
England operates from the perspective that roadway infrastructure construction is mostly
complete, and the agency centers its efforts on system improvements, optimization, and
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maintenance. The Highways England geotechnical program has matured in stages, starting from a
program directed at producing specific outputs (e.g., inventory for geotechnical assets) to obtain-
ing business outcomes, with a primary focus on providing assets that perform at the required ser-
vice level for the user. The Highways England program is risk-based, with recommended actions
based on five risk-level categories. Additionally, the asset inventory is re-inspected every 5 years.
Switzerland formed the National Platform for Natural Hazards (PLANAT) in 1997. This
national effort to address the country’s considerable natural hazards risk is notable for the scope
of its collaboration, which includes the federal government, the financial and insurance indus-
try, and public agencies across various infrastructure sectors. The PLANAT mandate includes
improving public awareness and efforts to share financial investment in mitigation according to
risk-reduction benefits; (for example, multiple stakeholders may fund a project based on ben-
efits received (Briindl et al. 2009). The program also has an online tool for evaluating risk reduc-
tion, the use of which is required for all projects costing more than approximately $1 million.

The U.S. Army Corps of Engineers (USACE) Dam Safety Program is an aspirational exam-
ple of GAM that uses risk to evaluate, prioritize, and justify safety decisions for more than
700 dams, more than 50 percent of which have exceeded the 50-year service life (USACE
2014). The program was initiated following federal authorization in 1996. Using risk-based
analysis, USACE indicates that every $1 invested yields $8 of flood damage reduction. Fur-
ther, the USACE asset management process for water infrastructure facilities subject to natu-
ral hazards (water/hydropower, navigation, and flood-related assets) successfully combines
inventory, assessment, and risk-based multi-criteria decision analysis and financial planning,
all of which are completed by staff using conventional spreadsheet programs (Connelly 2016).

These sustained GAM practices are similar to bridge and pavement asset management pro-

grams in the United States. Although these program examples started in response to regulation,
after several years of implementation each program has evolved into a more complex program
that demonstrates sustained and measurable benefits.

Thus, the purpose of GAM is to enable an agency to obtain real, measurable benefits that are cur-

rently being recognized by other infrastructure organizations. Based on outcomes from successful
programs around the world, the benefits of performing GAM can be summarized as:

Financial savings across the geotechnical life-cycle, with as much as 30 percent in some cases;
A process to measure and manage involuntary safety risk exposure across the entire asset class;
Lessened traveler delay and closure times, resulting in improved network operational
performance;

Reductions in broader economic impacts due to injury, loss of life, or property damage to
citizens, businesses, and other governmental agencies;

Fewer impacts and damages related to other transportation assets;

Demonstrated stewardship, protection of environmental resources, enhanced agency reputa-
tion, and improved sustainability;

Data and processes for making informed decisions that support agency and stakeholder
objectives;

Data and processes for prioritizing O&M decisions; and

An understanding of current risk exposure levels and distribution, and the ability to manage
those risks.
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Table 3.1.

Examples of successful GAM strategies.

geotechnical or similar assets

Agency Examples People Processes Systems and Data
- in 2003;
Functioning GAM plan at Started in 2003; mature
. - . GAM program; geo-
Dedicated staff positions | complex level of maturity and . .
L . referenced asset locations;
. and organization based on safety risk ‘
Highways England i ) . . . evaluating cross-asset
structures that consider management; long-duration .
. . i performance with
the role of GAM inventory construction and use .
. drainage assets; 2.5-meter
of process improvements . L
height definition
Mature GAM program;
Functioning GAM plan at geo-referenced asset
Dedicated staff positions | complex level of maturity and locations; segment
. and organization based on safety risk definition for assets:
Network Rail : . . L
structures that consider management; long-duration developing deterioration
the role of GAM inventory construction and use | models for >100-year-old
of process improvements assets; 3-meter height
definition
Infrastructure Guidance on Guidance on geo-
Maintenance organizational staff Risk-based asset management referenced data
Management structures for functioning | plans for other assets that are management systems at
Manual (multiple assel management adaptable to GAM levels of maturity from
examples) programs simple to complex
Transitioned from
Risk-based asset management roprietary software to
USACE Water ased asse: manag proprietéty
. practices for infrastructure spreadsheet-based
Infrastructure . .
systems that include (Microsoft Excel) tools
Programs

due to user familiarity and
availability

Alaska, Vermont,
and Colorado DOT's

Creating a culture
change for GAM;
implementation
experience within a
domestic DOT

Experimentation with early
implementation approaches

Developing inventory and
condition data for GAM
in a TAM framework

Switzerland’s
PLANAT Program

Oversight panel with
Cr0ss-agency, Cross-
disciplinary, and private-
and public-sector
representatives

Risk-based, cost-benefit
decision process for natural
hazard risk mitigation;
investment shared among risk
stakeholders

Geo-referenced risk-based
inventory mapping tools
and cost-benefit analysis

software to standardize
analysis
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3.3.2 Development of a GAM Implementation
Framework and Workflow

In the literature, discussions about asset management and GAM generally have covered
strategic-level concepts or the agency-specific processes, systems, or data within an asset
management program. The case study interviews performed for this project provided an
opportunity to understand the perspectives of agency staff who may implement a new asset
management program and how the cultures and relationships at differing levels of an agency
can influence implementation.

For many successful GAM program examples (e.g., those in the United Kingdom, the USACE
Water Infrastructure program, and the Swiss PLANAT program), a key trigger for implementa-
tion was some form of governmental requirement. This also has been true for the implementation
success of bridge and pavement asset management in the United States. Once started, how-
ever, these GAM programs have yielded benefits and process improvements that demonstrate
their business and risk-reduction utility independently from continuous governmental require-
ments. Among the state DOTs that have started early efforts toward GAM, implementation has
occurred because of the motivation of a few key individuals who were willing to advocate for a
program in the absence of regulatory requirements.

(] i wr

+ Enable a consistent management program that is flexible for adaptations.

— The GAM inventory and assessment process is structured around the performance objec-

tives of asset condition, safety impacts, and mobility and economic consequences, which

are common objectives across agencies and are identified in federal authorization for asset
management.

— For the initial inventory and assessment process, geotechnical assets are evaluated as a
single category under one framework rather than using separate frameworks for each geo-
technical asset type. Should an agency not want to include a certain asset type, those assets
can be omitted from the inventory.

* Provide a software tool that enables starting GAM implementation without formal training
or the purchase of new software systems.

— The GAM Planner is a Microsoft Excel file that can be used across an agency.

— The GAM Planner has minimal input fields to reduce the time requirements for entry of
asset data.
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3.4 Incorporating GAM into TAM and Across the Agency

As indicated in the project background and research objective, GAM implementation should
occur such that the geotechnical assets can be incorporated into an overall, agency-wide TAM
program. To enable this to occur, the research team has structured the GAM implementation
process to align with established AASHTO TAM practices that prescribe the following elements
for an asset management plan:

* Objectives and measures,

* Inventory and condition,

* Performance gap identification,

+ Life-cycle cost and risk management analysis,
» A financial plan, and

» Investment strategies.
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Per the practices in the IIMM, the concept of staged data collection begins with identification
of minimum data for compliance and reporting requirements, next moves to data for priori-
tizing O&M decisions, and concludes with optimizing life-cycle decisions (IPWEA 2015). As
discussed in Power et al. (2012), a similar progression of data collection occurred with GAM
implementation for the UK Highways Agency. GAM implementation does not have compliance
or reporting requirements, which suggests that initial data collection stages can be directed at
O&M decisions. Within a staged data workflow, all assets do not necessarily go to the final level
of data collection; reaching the most-detailed state occurs only in situations for which the collec-
tion effort is justified. Thus, the investment in data collection and management should be com-
pared against the level of detail required for decision support or to achieve any other benefits.

The GAM Implementation Manual introduces an approach that relies on differing levels of
detail and a variety of collection tools for inventory and condition data. This allows a DOT to
collect only the data required for the desired level and complexity of decision-making, versus an
approach that requires significant investment and quantity of data that may or may not be used
in the future. The GAM Planner enables an agency to start inventory and condition measure-
ment in a simple spreadsheet register that also can be used for assessment models.

The data needed to start an inventory in the GAM Planner can come from both within and
outside an agency. Data from within the organization may include corporate information
systems, active and archived project records, enterprise accounting systems, operational
technology systems (such as traffic data), or anecdotal staff sources. External data can come
in various forms, from sources ranging from proprietary, vendor provided systems, outside
stakeholder sources, and web-based freeware programs such as Google Earth. The GAM
Implementation Manual encourages use of existing data as the first step in order to minimize
a potential barrier to GAM.

3.4.3 Performance Gaps

For an agency starting GAM at a simple level of maturity, the GAM Implementation Manual
recognizes that performance gaps will become evident once knowledge is gained about the cur-
rent levels of asset performance. The manual recommends communicating a straightforward
initial performance gap, such as the percent of inventory complete relative to estimated total
asset inventory, and providing approaches to address this gap.

3.4.4 Life-Cycle Planning

In recently adopted asset management requirements, the FHWA defines life-cycle cost as “the
cost of managing an asset class or asset sub-group for its whole life, from initial construction to
its replacement” (23 CFR 515). Thus, the GAM Implementation Manual introduces the TAM
principles for considering the life-cycle of geotechnical assets through the phases of design,
construction, operation and maintenance, and decommissioning (if applicable). The TAM pro-
cesses that include evaluation of the asset life-cycle include:

* Total cost of the asset over the life, or life-cycle cost;
* Risk management across the life-cycle; and
+ Financial plans and investment strategies for a program of assets over a life-cycle.
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In the GAM Implementation Manual, content and figures in Chapter 4 are included to provide
an introduction to the concepts of asset life-cycles and their application to geotechnical assets.
The manual then expands the life-cycle discussion to introduce the TAM concepts for what
treatments can be performed on an asset following construction. These treatments are incorpo-
rated into the GAM Planner and discussed throughout the manual using the following terms:

+ Do Minimum,

+ Maintain,

+ Rehabilitate (Rehab),

+ Reconstruct (or Renew), and
* Restore.

The treatment discussion in Chapter 4 of the manual reviews these concepts in detail and
provides specific example treatments for geotechnical assets in each category.

3.4.5 Financial Plans and Investment Strategies

Chapter 4 of the GAM Implementation Manual also includes an introduction to the TAM
steps of financial plans and investment strategies. As presented in the manual, a financial plan
is a multi-year projection of actual and desired funding, whereas investment strategies consider
the allocation of resources within a plan, such as where funding will be directed following the
treatment options for assets. The manual also emphasizes the importance of financial planning
in the GAM spectrum because of the importance to executive decision-makers and illustrates
which assets are treated and when within the planning cycle.

Based on the research team’s review of existing GAM programs and information from the
project case study discussions, it is suggested that agencies anticipate that the resources available
will be less than those required to support a full geotechnical asset life-cycle plan. Therefore, the
GAM Implementation Manual indicates the need for a financial plan to present what investments
will be made and what will be deferred.

Although agencies likely will need to defer investments for existing assets, the manual dis-
cusses the importance of also considering life-cycle cost in the design phase of new assets. In
manufacturing industries, it is a well-documented conclusion that up to 80 percent of the life-
cycle cost is “locked in” by design decisions (Hurst 1999). A similar condition is acknowledged
in the life-cycle management of wastewater facilities (WERF 2018). With respect to geotechni-
cal assets, a similar trend is expected, and the manual recommends that agencies evaluate the
whole-life cost over the desired performance life-cycle to determine preferred alternatives based
on economic criteria. Chapter 8 of the GAM Implementation Manual expands on approaches to
life-cycle cost analysis, and Appendix E presents a Microsoft Excel template that can be used to
evaluate life-cycle costs.

In addition to life-cycle cost considerations for financial planning and investment, the GAM
Implementation Manual addresses a need to evaluate the ROI in a GAM program. Determin-
ing the return on GAM investment requires calculation of benefits over time in comparison to
up-front and ongoing costs. The manual introduces breakeven analysis as a means for provid-
ing the justification needed to validate investment in GAM. Chapter 4 of the manual references
the outcomes from NCHRP Research Report 866: Return on Investment in Transportation Asset
Management Systems and Practices to offer detailed guidance on demonstrating ROI in TAM.
NCHRP Research Report 866 is accompanied by a spreadsheet-based tool for calculating the ROI
of an asset management system or process investment that can be adopted by an agency wanting
to evaluate the program-level investments toward GAM. (Additional information about this
reportand alink to download the accompanying spreadsheet tool are available from the NCHRP
Research Report 866 webpage at www.trb.org.)
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3.6 Data and Data Management

For an agency starting GAM, data will be available that have been collected as an outcome
of activities such as inventory, measurement and reporting, and financial planning. Because
each agency will have different practices for data and data management, the GAM Implementa-
tion Manual does not contain a recommended best practice. Rather, Chapter 6 of the manual
introduces the data and data management concepts that can support GAM implementation,
such as data types and function, sources of data, methods of collection, level of detail, and geo-
referencing concepts. Chapter 6 also presents summaries of information from international and
NCHRP reports that represent the range in available frameworks and guidance for data and

data management.

3.7.1 Considering Organizational Structures for GAM

The research team’s review of the organizational structures of successful TAM and GAM
programs indicated that the individuals responsible for these programs have full-time or nearly
full-time assignments to asset management and are not assigned to overlapping design or con-
struction duties. Asset management staff focus almost entirely on asset management and have
organizational connections to executives, financial directors, and/or maintenance managers
within the agency. Based on the structures of the existing and mature asset management pro-
grams examined, the research team recommends this type of organizational structure as an
aspirational structure for a new GAM program.
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The staff organization structure for existing TAM programs varies by DOT, but typically
involves some form of a senior-level enterprise asset manager working in parallel with or within
other functional disciplines, such as design, construction, O&M, financial, and administration.
For development of the GAM Implementation Manual, it was anticipated that most DOTs would
not be able to formally establish a high-functioning GAM implementation team at the start of
GAM implementation. In these situations, the manual indicates that a GAM implementation
team can be as simple as a single individual who starts the inventory and assessment process
using the accompanying GAM Planner. At this level, this could be a duty added to the existing
TAM function of staff within the engineering or geotechnical design divisions, incorporated
into bridge or pavement management groups, or even within the maintenance and operations
function.

The GAM Implementation Manual emphasizes the cross-disciplinary nature of asset man-
agement, which is supported through the review of existing TAM programs and information
contained in [IMM (IPWEA 2015). As presented in the manual, the staff dedicated to a GAM
program should expect to interact with other disciplines within an agency, including:

+ O&M staff, to understand work performed or needed for geotechnical assets;

* Budget and financial planning staff, for development of short- and long-term financial plans;

« Traffic and safety staff, to understand what opportunities exist for measuring the traffic dis-
ruption or potential safety incidents that result from adverse geotechnical asset performance;

« Enterprise IT or other agency staff responsible for tracking expenses associated with
geotechnical assets (this may also be a function of O&M staff);

* TAM and other planning staff charged with asset management and strategic performance
planning;

+ Engineering and project delivery staff who are involved in design or influential decisions for
geotechnical assets;

« Data management and/or GIS staff, for developing compatibility with established data
systems and improving communication of results through mapping or geo-referenced
data systems used by the organization;

* Other asset groups, such as bridge and pavement, that can support cross-asset management
options; and

« Executive management, for agreement on performance objectives, building consensus, and
program support.

To assist with building consensus and communication, the GAM Implementation Manual
suggests a geotechnical asset manager form a cross-disciplinary GAM working group or steering
group that enables the cross-disciplinary relationships necessary to support GAM. The purposes
for such a working group include:

« Developing a wider base of support in the agency,

« Sharing of information, and

« Coordination with other activities that influence asset management, and developing the
business cases for GAM across several disciplines.
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3.7.2 Prioritizing Treatments Based on Risk and Investment Criteria

The case study synthesis indicates that only a few DOTs currently fund some form of GAM
program, and for those that do, the investment amounts do not achieve desired needs. For
the remaining DOTs, funding for GAM occurs as a course of standard reactive maintenance
activities or unplanned encumbrances from existing budgets. Information from the successful
and long-standing GAM programs in the United Kingdom indicates that investment needs
exceed available funds, even for a mature program. As a result, prioritization approaches
are beneficial within a GAM program to ensure that the program satisfies the most pressing

investment needs. Simply stating a program-level investment need that shows a favorable ROI
does not guarantee enabling program funding, given that every asset group is likely in a similar
investment need condition. Additionally, bridge and pavement asset management programs
will have federally authorized requirements that must be followed and a new program, such
as GAM, will need to demonstrate the benefits that will result from a reallocation of limited

funds within an agency.
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* Risk Prioritization: The GAM Implementation Manual presents a discussion of differing pri-
oritization concepts that can be considered when communicating needs with executive stake-
holders who can enable program funding. These risk prioritization areas include selecting
treatment candidates based on concentration of risk, acceptable risk exposure levels, sources
of risk, type of risk, cross-asset risks, critical routes or high-value assets, or risks to outside
compliance needs.

* Investment Prioritization: Candidate projects can be evaluated based on the anticipated
ROI when considering the life-cycle costs and benefits. The GAM Implementation Manual
discusses the processes for life-cycle cost analysis using NPV and cost-benefit analysis to
identify those treatment projects with the greatest ROL. Within this process, the manual also
suggests evaluating opportunities for cross-asset collaboration as a means to realize benefits
from shared investments across asset groups.

« Candidate Treatments: The success of GAM implementation will depend on having the
flexibility to adjust to differing levels of investment capacity, agency risk tolerance, and per-
formance. Using the prioritization process described in the manual, the asset manager can
identify and develop candidate projects with differing investment needs that are data driven,
that consider differing levels of risk and performance benefits, and that can adapt to agency
TAM culture.

3.7.3 Incorporating GAM in Design

Most established and long-standing design methods for geotechnical assets have been devel-
oped based on safety margin and reliability concepts. Because these methods were established
before the development of asset management practices, the focus of the safety and reliability
framework is generally directed at complete asset failure or total loss of service life. Conse-
quently, the incorporation of asset management considerations during the design process of new
geotechnical assets is an important step in a GAM implementation. The GAM Implementation
Manual presents a series of questions and guidance to enable geo-professionals to incorporate
asset management considerations into the design practice.

3.7.4 Training Considerations for GAM Implementation

Both the case study and literature synthesis indicated that training in asset management con-
cepts would be beneficial for those starting GAM programs. Suggested training topics include:

* Introduction to TAM;

« Introduction to GAM and the GAM Implementation Manual, including:
— Purpose and need for GAM;

Implementing GAM (including discussion of the list of steps and model in Chapter 2 of

the manual);

Linking TAM to GAM;

Examples of GAM practices;

Getting started; and
— Overview of the GAM Planner, with examples;

* Risk and risk management; and

« Life-cycle cost analysis.
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Conclusions and
Suggested Research

4.1 Conclusions

Asageneral conclusion, applying TAM concepts to geotechnical assets is a beneficial process
for managing life-cycle risk, performance, and investment for assets such as embankments,
slopes, retaining walls, and subgrades. Fortunately, information from the few long-term
and sustainable GAM programs in other countries and from existing infrastructure systems
indicates that state transportation agencies can be confident of the benefits without hav-
ing to undertake new research or implement untested processes and systems. It is certainly
possible for agencies to start implementing GAM now regardless of investment capacity
and expertise.

For an agency to begin recognizing the benefits of incorporating geotechnical assets into
TAM, it is suggested that the primary goal should be starting GAM implementation and pro-
gressing inventoried assets through the TAM steps without delay. Evidence from currently
successful GAM programs indicates that benefits are possible without having to first complete
the asset inventory or finalize all the processes and data systems that support implementation.
Rather, agencies can benefit from starting with a simple asset management strategy and relying
on justified process improvements with time. This approach is both preferred and supported by
evidence from successful programs. In the United Kingdom, Network Rail’s inventory comple-
tion took more than 11 years, and the first GAM policy document was not released until almost
6 years after the start of the program.

The implementation framework developed for this project is structured to encourage agencies
to begin GAM implementation. The approach is intended to trigger engagement for performing
GAM without requiring a high level of motivation or technical ability. Cross-industry research
indicates the importance of considering the components that underpin motivation and the
ability to succeed at a new task. Considering these factors is essential to increasing the likelihood
that the necessary behaviors will be adopted. This is not a reflection on the individuals who may
undertake GAM, but rather a recognition of the challenges of implementing new processes and
efforts in complex organizations consisting of individuals who already have high demands on
their time and resources.

Once GAM implementation has started and initial treatment recommendations have been
developed, geotechnical assets will still need to compete for investment among the other asset
groups and programs of the DOT. Thus, treatment planning is necessary to identify project-level
options that incorporate the range of risk and investment priorities that are of interest to agency
executives. The recently published NCHRP Research Report 885: Guide to Creating and Sustain-
ing a Culture of Innovation for Departments of Transportation provides many helpful suggestions
(Lorenz et al. 2018).
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79. South Carolina Department of Transportation, Asset Data Collection Assessment Research

Summary, SCDOT No. SPR 716, FHWA No. FHWA-SC-19-02 August 2019.

Jennifer H. Ogle, Clemson University.

The MAP-21/FAST Act requires state depanménts of transportation to transition to

data driven, performance and outcome-based programming, which has required

states across the nation to revisit their data collection and maintenance efforts. This

report documents research conducted to ensure that the future SCDOT database
specifications and data collection efforts support federal requirements for data-

cdriven performance-based management of transportation facilities, as well as meet |

. the needs of SCDOT in a cost-effective manner.

Problem

A large portion of South Carolina
Department of Transportation’s (SCDOT)
current data is stored in the Roadway
Information Management System (RIMS).

with RIMS to enable expanded data
. analytic capabilities including crash
information, video log, and traffic counts.
In addition to RIMS, SCDOT maintains
_several databases to support specific
business operations such as maintenance

SCDOT, like most states, originally
developed their RIMS system to support
reporting requirements for the Federal
Highway Administration’s Highway
Performance Monitoring System (HPMS)
program. Thus, the individual elements

(signs and roadside hardware) and traffic
operations (signals and ITS equipment).
The overarching goal of this research is to

@nsure that the future SCDOT database
specifications and data collection efforts
support the MAP-21 requirements for

contained in the database do not always _

data-driven performance-based

meet the needs of alternate usersin
other departments within the DOT, Over,
time, other datasets have been merged

goal, three specific objectives were
established:
0bj 1 - )dentify SCDOT state of practice

for asset data collection/maintenance.
Obj 2 — Conduct vendor assessment of
MLS to seek accuracy and efficiency.
Obj 3 - Provide recommendations for
database development and related data
collection methods/technologies.

management of transportation facilities, .
as well as meet the needs of SCDOT in a
cost-effective manner. To achieve this
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Research

The review of critical and non-critical data

elements from the FHWA Model

Inventory of Roadway Elements (MIRE)

and SCDOT databases revealed that

Ebout 60% (122 of 202) of MIRE data

elements were not collected by SCDOT

(i.e., gaps). This included a few MIRE

Fundamental Data Elements (FDEs),

mandated Highway Performance

Monitoring System (HPMS) Full Extent

Elements (FE), and a considerable

number of Highway Safety Manual

elements needed for use with SC-specific
safety models. Several gaps were
identified and listed below:

e  SCDOT lacks more than 50% of the
database elements required for HSM
safety implementation on state
roadways. These data elements
contain information on Segment
Cross Section, Segment Roadside
Description, At Grade
Intersection/Junctions, and Approach
Descriptors (Each Approach).

e The SCDOT databases have about
88% of the MIRE FDE data elements
(excluding HOV because there were
none in SC).

*  MIRE Fundamental Data Elements
follow HPMS reporting requirements
closely. Unfortunately, the HPMS
coverage is biased toward the higher
functional classes and only sampled

Recommendations

Three main recommendations include:

1) Raise the level of importance of data -
treat it as an asset, define core principles,
and develop a department-wide directive
_that recognizes the strategic uses of data
~across all business offices; 2) Implement a
tiered approach to data governance,
g2ppoint a dedicated data governance

coordinator, and promote structured

decision-making and active oversight of
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80.

the Department’s data assets; and

3) Undertake a new inventory of roadway
attributes using mobile LIDAR technology
to replace the data inventoried 30 years
ago and develop enterprise-wide plans to

_capitalize on additional opportunities for

MLS point cloud data.

Value & Benefit

This study evaluated data needs within
the department and developed
recommended data specifications for a
sLtate-of-the-art enterprise data system to
_support the business SCDOT functions as
well as meet requirements of federal
reporting mandates. The analysis
reported here will aid SCDOT in
implementation of an asset data system
that meets the department’s needs
without redundancies and maintaining
only data elements that have positive

. cost-benefit for the department, Having a
—Cpmprehensive roadway inventory with

supporting business data will allow the

_SCDOT to make better decisions faster,
and this should translate to improved
effectiveness.

South Carolina Department of Transportation, Asset Data Collection Assessment Research Final
Report, SCDOT No. SPR 716, FHWA No. FHWA-SC-19-02 August 2019.

Jennifer H. Ogle, Wayne Sarasua, Mashrur ‘Ronnie’ Chowdhury, Brad Putman, Jeffrey Dauvis,
Nathan Huyhan, and Paul Ziehl (Clemson University).

Refer to above information in literature review document 79- South Carolina Department of
Transportation, Asset Data Collection Assessment Research Summary, SCDOT No. SPR 716,
FHWA No. FHWA-SC-19-02 August 2019. Additional in-depth research information is expanded

on in the final report.
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81. NCHRP Synthesis 508-Data Management and Governance Practices, Nasir Gharaibeh, Isaac Oti,
David Schrank, and Johanna Zmud, Texas A&M transportation Institute, The Texas A&M
University System, College Station, Texas.

SUMMARY Data-driven processes and technological advances have led to a steady increase in the amount and
~complexity of data collected and managed by state departments of transportation (DOTS) and local
transportation agencies, such as municipalities and metropolitan planning organizations (MPOs).
Examples of these data include asset inventory and condition data, usage data from traffic counts,
roadway design and construction data, and financial data. These data reside in attribute databases, _
geospatial databases, computer-aided design (CAD) files, three-dimensional models, multimedia
files (e.g., image, video), and other forms. Increasingly, transportation agencies are viewing these
data as assets that should be managed systematically and effectively, as physical infrastructure assets
are managed.

Although data provide opportunities to facilitate decision making at transportation agencies, there
are ¢challenges involved in managing large and diverse data that serve multiple business needs.
These challenges are manifested in various aspects of data management, such as data quality assur-
ance, integration, and access. This synthesis provides information on current practices in data gover-
nance, data warehousing and cloud computing, data integration and sharing, and data quality assurance.
This information can be used by transportation agencies to learn about and ulumately advance the s
Lurrent state of the practice in transportation data management and governance.

The information provided in this synthesis was gathered through a review of the literature, a
two-phase online survey, and follow-up interviews with a sample of four agencies. All 52 DOTs
(50 states, District of Columbia, and Puerto Rico) were invited to participate in the surveys. The
surveys also were distributed to municipalities and MPOs through the National Association of City
Transportation Officials (NACTO) and the Association of Metropolitan Planning Organizations
(AMPO). Forty-three DOTSs responded to the Phase 1 survey, and 34 DOTSs responded to the follow-up
survey, representing response rates of 83% and 65%, respectively. Of local agencies, 19 responded
to the Phase 1 survey and 11 responded to the follow-up survey. The surveys were conducted through
NCHRP in cooperation with AASHTO. AASHTO provided an e-mail distribution list to members of
the Standing Committee on Planning (SCOP) and members of SCOP’s Data Subcommittee.

In the data governance area, the study found that a pyramid-shaped data governance structure is
commonly used in the literature. This structure consists of (1) an upper-level council or committee
providing oversight and strategic direction, (2) enterprise data stewards providing coordination across
business units, and (3) stewards accountable for the quality and use of individual information tech-
nology. Data stewards, coordinators, and custodians hold various positions in their business areas, such
as planners, engineers, and geographic information system (GIS) specialists. Interviews conducted as
part of this study with a sample of transportation agencies indicated that key motivations and early
benefits of implementing data governance include (1) improved accountability to produce high quality
and geliable data (sources of truth), (2) ensuring that the data are accessible and integrated using a
common linear referencing system, and (3) engaging business areas within transportation agencies
in their data, rather than viewing data as strictly an information technology (IT) issue.

Currently, a bottom-up approach for data management appears to be taking place. A more top-down
data governance approach could help recognize and leverage the value of data generated and/or stored
(n various agency silos and could spur increased data integration. In most cases, DOTs have data
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stewards and data coordinators for managing individual data sets and coordinating data management
across multiple data sets within a business area (e.g., asset management, safety). However, most
agencies indicated they do not have a data governance council or board (responsible for policy
making and coordination at the enterprise level) and do not have a document that describes their data
governance model and serves as a guide. Most survey respondents described the following as major
factors in limiting progress toward implementing data governance: (1) lack of staffing, (2) other
mission-related issues are more pressing, and (3) lack of resources.

With respect to data warehousing and cloud computing, the study found that most DOTS store and
manage data collected during the operation and monitoring phases of roadway systems (e.g., roadway
inventory, condition, and performance) in data warehouses or marts. Conversely, data collected at
the early phases of the asset/project life cycle are more likely to reside in disparate files and data-
bases. Although there is a general agreement in the literature that transportation agencies collect and
manage large amounts of data, most DOTs and local agencies do not have reliable estimates of the
amount of data they maintain. The use of clond computing services for storing and managing data

s expected to grow; however, most DOTs and local agencies are uncertain about the magnitude
of this growth in their agencies. ’

Transportation agencies are using multiple linear and geographic referencing methods in their
data sets, indicating that incompatibility among these methods remains an impediment to increased
data integration within these agencies. The use of a common referencing system that unifies these
methods can potentially facilitate data integration within transportation agencies.

Most s;lrvey respondents indicated that the following strategies have major effects on improving

_data sharing and access: (1) increased use of web-based data storage and access, (2) improved data-
Jbase management systems, and (3) reduced vse of hardware and software that require specialized

(e.g., proprietary) data formats.

The study addressed seven data quality dimensions: accuracy, completeness, timeliness, relevancy,
gonsistency, accessibility, and access security. Most survey respondents indicated that these data quality
dimensions are evaluated in at least some data areas in their agencies. For DOTs, timeliness, accuracy,
and access security are most commonly evaluated. Conversely, consistency is the data quality dimen-
sion least evaluated by DOTS. Slightly more than half of the DOT respondents indicated their agencies
have mechanisms in place for jpcorporating feedback from data users into the data collection process.

These feedback mechanisms include ad hoc meetings, surveys, steering committees, web forms, and
direct e-mails.

Finally, this study identified several areas of future research, including development of a data_
management and governance guidebook and training materials; jdentifying the benefits, costs, and
risks (e.g., security risks) of adopting cloud computing services for transportation agencies; develop-

Jnent of methods and metrics for evaluating data quality considering multiple quality dimensions;
development of guidance and framework for integrating data within transportation agencies; case
studies to assess the magnitude and complexity of data managed by transportation agencies; and

development of methods and case studies for mining archived data at these acencies
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BACKGROUND

Data-driven processes and technological advances have led to a steady increase in the amount and

complexity of data collected and maintained by state departments of transportation (DOTs) and local
transportation agencies, such as municipalities and metropolitan planning organizations (MPOs).
Examples of these data include asset inventory and condition data, usage data from traffic counts,
roadway design and construction data, and financial data. Data reside in attribute databases, geo-
spatial databases, computer-aided design (CAD) files, three-dimensional models, multimedia files
(e.g., image, video), and other forms. Increasingly, transportation agencies are viewing these data as
assets to be managed systematically and effectively, in a manner similar to how physical infrastructure
assets are managed (Spy Pond Partners, LLC and Iteris, Inc. 2015a). A rule of thumb often used in
the private sector is that the volume of corporate data doubles every 18 months (Bhansali 2013),
indicating the ever-increasing volume of data in today’s world.

Although data provide opportunities to facilitate decision making at transportation agencies, there

are challenges involved in managing large and diverse data that serve multiple business needs. These

challenges are manifested in various aspects of data management, such as data quality assurance,
integration, and access. The literature suggests that these challenges are more widespread in manag-

ing data across, rather than within, organizational units at transportation agencies (Spy Pond Partners,

LLC and Iteris, Inc. 2015a), Data maintained by a specific unit within the agency often need to be
shared with multiple users and integrated with multiple data sets. For example, traffic monitoring data

are used for conducting safety analyses, developing transportation improvement programs, designing
pavement, and developing asset management plans. As a result, it is important that traffic data be inte-
grated with multiple data sets to serve multiple business needs (e.g., integration of traffic volume data
with pavement condition data to develop pavement management plans), However, currently these data
often reside in a collection of modemn and legacy databases that are difficult to integrate (Cambridge
Systematics, Inc. et al. 2010). These difficulties in integrating disparate data can lead to collecting
data that already exist within other parts of the agency. An area prime for reducing the duplication of
data is the creation of digital as-builts from three-dimensional models used in design and construction.
However, the integration of these as-builts into legacy data management systems remains a challenge.
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TERMINOLOGY

Key terms used in the survey instrument and in this report are defined as follows:

+ Access security: Ability to restrict access to data to maintain security.

* Accessibility: Ability of authorized users to access the data.

* Accuracy: Closeness between a data value and the real-world value that it represents.

* Cloud computing: Date are stored and managed on remote computers “in the cloud.” These
computers are owned and operated by others and connect to users’ computers by means of the
Internet.

« Completeness: Absence of missing values in the data set.

* Consistency: Degree to which the data item is presented in the same format across agency.

= Dala governance board/council/steering committee: Group that institutes policies and oversees
activities regarding data governance throughout the organization. Data governance is defined.

_as “the execution and enforcement of authority over the management of data assets and the
performance of data functions™ (Cambridge Systematics, Inc. et al. 2010).

* Data coordinator: Individual or committee that coordinates the organization, sharing, access,
and use of multiple data sets within a business area (e.g., asset management, safety). N

+ Data warehouse/mart: A data warehouse is a unified repository of current and historical data
obtained from multiple sources. A data mart is a scaled-down version of a data warehouse.

« Data steward: Individual who is accountable for assuring the quality of a specific data set,
ensuring compliance with data rules and regulations, defining metadata, and relaying the appro-
priate use of the data.

= Data custodians: Cross-functional group of individuals, vendors, and data managers who are
responsible for day-to-day execution of the governance rules and data management activities.

82. AASHTO Committee on Data Management and Analytics, Draft Strategic Plan and AASHTO CORE
Data Principles, taken from website:
https://data.transportation.org/subcommittee-charter/

CHARTER NAME

The name of this Committee shall be the

American Association of State Highway and
Transportation Officials (AASHTO) Committee

on Data Management and Analytics.
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OUR PURPOSE

The Committee on Data Management and
Analytics shall address the collection,
procurement, processing, analysis, reporting,
and sharing of transportation data. The

Committee on Data Management and
Analytics is dedicated to addressing issues
related to knowledge, expertise, resources
and tools needed by State DOTs to
implement a robust data management and
analytics program within their agencies.

OUR STRATEGIC PLAN DRAFT

GOAL1

Promote AASHTO's Core Data Principles to guide the use of public or private sector transportation data.

¥ Strategy 1

Conduct webinars and workshops to disseminate AASHTO's Core Data Principles.

W Strategy 2

Maintain a website with the AASHTO's Core Data Principles (CDP) and links to state Data
Business plan efforts and research projects with CDP integrated.

Subcommittes involved:
Professional Development (Strategy 1, 2) - Jason Siwula, KY, Co-Chair; Patrick Whiteford, AZ, Co-Chair
Communicating Data (Strategy 1, 2) - John Selmer, IA, Chair
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GOAL 2

Support member agencies with recruitment and retention, capacity building, and skill development related to data
management and analytics. (AASHTO Goal 1)

¥ Strategy 1

Participate in a joint task force on workforce issues with other relevant committees (Knowledge
Management; Human Resources; Agency Administration)

W Strategy 2

Support and assist member agencies in capacity building, skill development, recruitment, and
retention by sharing best practices related to data management and analysis.

¥ Strategy 3

Advocate for and educate practitioners on data use and addressing data issues.

Subcommittes involved:

Professional Development (Strategy 2, 3) - Jason Siwula, KY, Co-Chair; Patrick Whiteford, AZ, Co-Chair
Policy (Strategy 1, 2) — Tarun Malhotra, MI, Chair

Outreach and Coordination (Strategy 2, 3) - Lou Anne Dougherty, NE, Chair

GOAL3

Lead in transportation data standardization efforts. (AASHTO Goal 2)

¥ Strategy 1

Work to understand needs, develop guidance, and communicate data standards.

¥ Strategy 2

Develop guidance and communicate data standards.

Subcommittes involved:
Research (Strategy 1, 2) - Chad Baker, CA, Chair
Technical Services (Strategy 1, 2) - Mike Bousliman, MT, Chair
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GOAL 4

Support both member agencies’ decision-making data and analytics needs and the Board of Directors needs on policy,
program, regulations and guidance related to data management and analytics (AASHTO Goals 1and 3)

¥ Strategy 1

Coordinate and collaborate with other AASHTO committees to understand their data and
analytics needs.

Document and share with member agencies successful industry practices on the application of
data and analytics to better inform decision-makers and support the decision-making process. .

Facilitate the development and advancement of tools to support decision making data and
analytics needs. .

Coordinate and collaborate with other committees to understand and document information
needs of the Board of Directors on policy, program, regulations and guidance.

Explore and summarize national and international trends, successful practices, and research
related to data management and analytics in order to support the Board of Directors in federal
policy, programs, regulations, and guidance.

Collaborate with other committees and Federal partners to develop summaries and white
papers to support the development of federal policy, programs and regulations related to data
use, management and analytics.

Subcommittes involved:

Policy (Strategy 1, 4) — Tarun Malhotra, MI, Chair

Outreach and Coordination (Strateqy 4, 5) - Lou Anne Dougherty, NE, Chair
Communicating Data (Strategy 1, 2) - John Selmer, IA, Chair
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GOALS5

Support member departments in achieving best data practices. (AASHTO Goals 1, 2, 3, and 4)

¥ Strategy 1

Support research to advance the development and use of tools and best practices in
communicating data, data management and analytics.

¥ Strategy 2

Coordinate with other AASHTO committees and Federal agencies and develop and advance an
annual list of research priorities.

Sponsor, coordinate and disseminate research to advance best practices in the management,
use and standards relating to data and analytics.

¥ Strategy 4
Assist member agencies with the adoption/implementation of completed research.
¥ Strategy 5
Create a repository on the use of third party data sources by member agencies.
Subcommittes involved:
Research (Strategy 1, 2, 3) — Chad Baker, CA, Chair

Technical Services (Strategy 1, 3) - Mike Bousliman, MT, Chair
Communicating Data (Strategy 1, 4) — John Selmer, IA, Chair

GOAL 6

Foster communities of practice in topic areas of interest as determined. (AASHTO Goals 1, 2, and 4)

W Strategy 1

identify champions in areas of interest, maintain electronic meeting space and information
exchange
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LEADERSHIP & SUBCOMMITTEES

DATA MANAGEMENT AND ANALYTICS

Gregory Slater, Secretary of Maryland DOT, MD State
Highway Administration - Committee Chair

April Blackburn, Chief of Transportation Technology,
Florida DOT - Committee Vice-Chair

The Committee on Data Management and Analytics includes the following Subcommittees:

PROFESSIONAL POLICY RESEARCH
DEVELOPMENT Tarun Malhotra, MI - Chair Chad Baker, CA - Chair
Jason Siwula, KY, Co-Chair Addresses policy issues Addresses research needs and
Patrick Whiteford, AZ, Co- regarding data issues
Chair
Addresses issues of professional
development and capacity
building
TECHNICAL SERVICES OUTREACH AND COMMUNICATING
Mike Bousliman, MT - Chair COORDINATION DATA
Geraces dndkiesl] sriess an Lou Anne Dougherty, NE - John Selmer, IA - Chair
programs under the Data Chair Addresses communication
Committee such as GOTUG, Maintains relationships with issues around data, data needs,
Gis-T and any others that are other committees and gaps, research, outreach, and as
developed organizations as pertinent to needs arise

Committee business
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CYBERSECURITY
Matt Modarelli, WA - Chair

This subcommittee works jointly with Operations and Resiliency (TSSR) on issues of cybersecurity

AASHTO CORE DATA PRINCIPLES

DATA MANAGEMENT AND ANALYTICS

In 2013, this set of AASHTO Core Data Principles was adopted by the data and planning community. The principles were developed and
vetted by the:

* SCOP data sub-committee,
* the CTPP oversight board (data community),
* and US DOT data leadership

The principles have been vetted through SCOP, and key state and federal transportation data staff.

PRINCIPLE 1 - VALUABLE: DATA IS AN ASSET
Data is a core business asset that has value and is managed accordingly

Rationale — Data is a core industry asset that has measureable value and is managed accordingly. Accurate, timely data is
critical to accurate, timely decisions. Transportation agencies already manage many of their physical assets: roads, bridges,
signs, lights, etc. Data is no different and must be treated like other physical assets. Data is the foundation of our decision-
making, so we must also carefully manage and maintain data to ensure that we know what we have and where it is, can
rely upon its accuracy, and can obtain it when and where we need it. Where possible, data should be archived to maintain
historical records.

Implications — Treating Data as the asset that it is saves money, effort and resources. When data is appropriately handled
it can have a long life with many uses beyond its original one, and serve projects as yet unplanned.
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PRINCIPLE 2 - AVAILABLE: DATA IS OPEN, ACCESSIBLE, TRANSPARENT AND SHARED

Access to data is critical to performing duties and functions, data must be open and usable for diverse
applications and open to all.

Rationale — The value of data is increased when it can be used with other data and in a variety of applications. Users must
have access to the data critical to their duties and functions. Wide access to data leads to efficiency and effectiveness in
decision-making, and affords timely response to information requests. Using data must be considered from an enterprise
perspective (across the organizations or across multiple organizations) to allow access by a wide variety of users.
Transportation agencies at all levels of government (federal to state to local) hold a wealth of diverse data sets, but it is
often stored in different databases that are incompatible with each other or difficult to find. Timely access to accurate data
is essential to improving the quality and efficiency of decision-making. It is less costly to maintain timely, accurate data and
then share it, than it is to maintain duplicative data in multiple locations or processes. Shared data will result in improved
decisions since we will rely on fewer sources of more accurate and timely managed data for decision-making. Sharing is also
necessary to triangulate on subjects that may not be measured directly, and allows for serendipity. Insights often come
from bringing fresh eyes to data.

As transportation organizations work with more stakeholders and external partners, it is essential that data be shared.
Making data electronically available will result in increased efficiency when existing data entities can be re-used. It is more
effective to de-protect transportation data than it is to over-protect.

Implications — Agencies are increasingly under in informal mandate to “do more with less.” Sharing data is a key step in
executing this mandate. Accessible data will ultimately reduce burden on staff time as data becomes more accessible.

PRINCIPLE 3 - RELIABLE: DATA QUALITY AND EXTENT IS FIT FOR A VARIETY OF
APPLICATIONS

Data quality is acceptable and meets the needs for which it is intended.

Rationale — Data quality is acceptable and meets the need for which it is intended. Data that is collected, produced, and
reported must be fit for purpose. That is, of sufficient accuracy and integrity proportional to its use and cost of collection
and maintenance. Data is used in all areas of the transportation decision-making process from planning to design to
operations to performance management. Furthermore, it is increasingly being used externally by citizens and customers to
inform their personal decisions, and by stakeholders to assess the aggregate performance of a transportation organization.
Significant human and system resource is consumed in the collection, manipulation and dissemination of data whether of
high quality or not, so it is essential that the most effective use of public funds is achieved through appropriately directed
attention to data quality and the procedures to realize quality. Additionally, data must be archived appropriately to
preserve both its usefulness and the historical record. When possible, data should be spatially oriented. Data quality
increases as the application of the data increases. Data that has spatial orientation or attribution can easily be used in GIS
systems. When data assets can be analyzed in a spatial context, not only can a greater analysis be completed in terms of
geographic context, but also the data and any analysis results can be more easily communicated via mapping and other
formats more applicable to public understanding.

Implications — When data is fit for purpose appropriate cost decisions are made in its collection and use. In cases where a
rough sketch is appropriate, appropriate data collection and use may follow. Where large programs, investments, or
systems are being developed and vetted, those data must be fit for that purpose. Data precision is matched to the task at
hand.
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PRINCIPLE 4 - AUTHORIZED: DATA IS SECURE AND COMPLIANT WITH REGULATIONS

Data is trustworthy and is safeguarded from unauthorized access, whether malicious, fraudulent or
erroneous

Rationale — Data is trustworthy and is safeguarded from unauthorized access, whether malicious, fraudulent or erroneous.
Open sharing of information and the release of information via relevant agreement must be balanced against the need to
restrict the availability of classified, proprietary, and sensitive information.

Implications — When data is secure and appropriately regulated there is greater trust and confidence in its use.

PRINCIPLE 5 - CLEAR: THERE IS A COMMON VOCABULARY AND DATA DEFINITION

Data dictionaries are developed and metadata established to maximize consistency and transparency
of data across systems.

Rational — Both unstructured and structured data must have a common definition to enable sharing of data. However, data
must not be compromised below the use of its original purpose. Commonality may take the form of relations, bridges and
crosswalks between definitions

Implications — A common vocabulary will facilitate communications, enable dialogue to be effective and facilitate
interoperability of systems, however, utility must not be compromised.

PRINCIPLE 6 - EFFICIENT: DATA IS NOT DUPLICATED

Data is collected once and used many times for many purposes.

Rationale — Development of information services should be made available to multiple users and stakeholders and is
preferred over the development of information and data silos which are only used for a single purpose or user.

Implications — Duplicative capability is expensive and propagates conflicting data. It also goes against a policy of
sustainability in the use of data and the infrastructure resources required to maintain the data, such as computer servers
and data warehouses.

PRINCIPLE 7 - ACCOUNTABLE: DECISIONS MAXIMIZE THE BENEFIT OF DATA

Timely, relevant, high-quality data are essential to maximizing the utility of data for decision making.

Rationale — The purpose of data collection is to help support the decision-making process. Users of the data, as well as
information derived from the data, are the key stakeholders in the data collection and analysis process. The data is being
collected to address a certain policy goal or objective. In order to ensure information management is aligned with the
purpose, users must be involved in the different aspects of the information environment. The decision makers, managers,
and the technical staff responsible for developing and sustaining the information environment need to come together as a
team to jointly define the goals and objectives of the data collection processes.

Implications — Resources are limited. Maximizing existing resources is essential.
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