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CHAPTER |

INTRODUCTION

1.1 Overview:

Transportation Asset Management (AM) is often described simpdydesision-
making framework. It is an all-encompassing strategy thatmimes all of the
transportation assets and manages them as one unit. For naasyhmmvever, the only
form of AM at State Departments of Transportation (DOTS) ctewsisf two separate
systems: bridge and pavement management. Historically, aleréind horizontal
communication within many State DOTs has been limited, ani, lit any data
exchange has taken place between the two management systemsesuthex in not
being able to evaluate trade-offs between different types @tsagHWA 1999).
Traditionally, many states planned their projects on a “worst’ fivasis and managed
their assets in a tactical rather than strategic fastdiera result, the Federal Highway
Administration (FHWA) created the Office of Asset Management998. This, along
with numerous other research initiatives sought to create thesvirark for AM that
could be applied to State DOTSs.

The National Cooperative Highway Research Program (NCHRPprogram
administered by the Transportation Research Board (TRB) and spbnisgrehe
American Association of State Highway and Transportation OiqidASHTO) and

FHWA) describes the principles of AM as a policy driven, perfogedmsed system



that includes analysis of options and tradeoffs whose decisionsasegl lon quality
information, all of which require monitoring to provide clear accouhtgalaind feedback
(Cambridge Systematics 2006). FHWA (1999) adds: “An Asset Marmagedecision-
making framework is guided by performance goals, covers an exteinaechaorizon,
draws from economics as well as engineering, and considecad tange of assets that
include physical as well as human resources.” Based on theseextés, it is obvious
that transportation AM goes beyond just looking at the individual partgraktructure,
but rather examines the system as a whole. As a resuleafeiearch performed by
NCHRP, a framework for transportation AM has been made avaflabttate DOTSs to

model.

1.2 Problem Statement:

While there is a well defined and accepted AM framework foreSDTs, there
have not been any studies that have developed a model that me¢hsumsel of AM
implementation within a DOT for a benchmarking purpose. Is it pestibineasure this
for every DOT based on a common benchmark? The difficulty in dewglapiset of
common AM best practices is that every DOT is different. Haely have a different
organizational structure as well as different set of prioritiheg guide their decision-
making. However, one assumption that this study relies on ishénat &re a common set
of factors critical to the success of an ideal AM systemsdHactors or “indicators”
must be identified through the careful evaluation of successful Addtipes among

DOTs. If this is possible, a better picture of AM may be developed.



1.3 Research Objectives:
The objective of this study is to develop an Asset Management Assessment Model
for State DOTs in the United States. The specific objectives include:
A) ldentify and document current practices and policies used fgratit DOTs to
implement AM.
B) Identify AM indicators that represent the most critical components of anAdi&al
system within a State DOT.
C) Weigh the AM indicators based on their level of importance inemphting an
ideal AM system within a State DOT.
D) Develop and apply the AM Assessment Model to State DOTSs in trédaluate
the model’s effectiveness.

E) Recommend the most appropriate AM Assessment Model.

1.4 Work Plan:
There are five major work tasks that are required to completedabearch. They
include:
1) Literature review
2) Analysis of practices and policies
3) Interview leading DOTs in AM
4) Select assessment methodologies

5) Questionnaire Surveys



These work tasks are used as a step-by-step process to abeieesearch objectives.
They are the support tools necessary to complete the projectrdlagwnships with the

research objectives are illustrated in Figure 1.1 and described below.

Research Objectives Research Work Tasks
Identify and document AM
practices and policies for Literature Review
DOTs
Identify AM indicators Anilvsis of pr_actlces ang
policies
Weigh AM indicators =
according to level of Interview leading DOTs
importance
Develop and apply AM Select assessment
Assessment Model methodologies
Recommend the most —
appropriate AM Assessment || Questionnaire surveys
Model h

Figure 1.1: Research Objectives and Work Tasks

1.4.1 Literature Review:
The literature review allows the research team to gain kngeléd the area of

transportation AM by reviewing current journals and research m@tioics related to the



subject matter. The literature review will be used primatdysupport the first two

objectives, but is useful throughout the entire study.

1.4.2 Analysis of Practices and Policies:

Once the literature review is completed, careful examinadiorcurrent AM
practices will help identify which of these are best suitecafordeal AM system. This
work task also supports the first two objectives; especially intifgiang critical AM

indicators.

1.4.3 Interview leading DOTSs:

As a result of the literature review, the leading DOTs I Will be determined.
Visits to five of the top DOTs in AM will be made in order to collect detaiddrmation
about what their current AM practices are as well as lgptify which indicators are

necessary for an ideal AM system.

1.4.4 Select Assessment Methodologies:

Following the identification of the AM indicators, a methodologyl W& needed
to accurately quantify the relative importance of each imgic8ecause the indicators
are subjective, a methodology that can convert subjective valoeguantifiable weights
is desired. Once this is completed, a method to collect informabtiount éhe weights as

well as administer the AM Assessment Model will need to be determined.



1.4.5 Questionnaire Surveys:

The first questionnaire will be used to collect data in order termine the
weights for each of the AM indicators. This survey will kstch of the AM indicators
and require the participant to use the selected methodology to evehdttandicator.
Based on this information, weights for each indicator will be developed.

The second survey will be used to administer the AM Assesdvhaaél. Each
participant will respond to a set of statements related directhe AM indicators. Based
on their responses, an assessment of their agency’'s AM impleimerd&vel will be

determined.

1.5 Organization of the Report:

Chapter Il discusses previous research done in fields diretdhed to this topic.
It provides a definition of AM, and the current status of AM actibibgh at the federal
and state levels. Chapter Il identifies the major AM indicatord sub-indicators. Each
of these is described in detail as to why they are criticalponents of AM. Chapter IV
discusses the methodology used to quantify the major indicators amudgtdiers. The
results of these weights are expressed and analyzed. Chaptgilaihs how the AM
Assessment Model was designed, administered, and validated. CWast@mmarizes

the research, explains the contributions, and discusses future research topics.



CHAPTER Il

REVIEW OF LITERATURE

2.1 Definition of Asset Management:

Transportation AM for State DOTs has several definitions. TAssét
Management Primer” by the FHWA defines AM as a “decision-making framethat is
guided by performance goals” (FHWA 1999). It should provide an ecorasaa&ssment
of tradeoffs between alternative improvements and investmexteégiggs. It also states
that an AM system should be customer focused, mission driven, syststedy long-
term in outlook, accessible, user friendly, and flexible (FHWA 1999). dijjective of
AM has been described as helping an agency “make the right irerdstiat the right
time” (Guerre et al. 2005). AM should be comprehensive, “focus on cestamd
community needs, provide quality services and a commitment to excellence ®thasur
assets remain productive” (AASHTO 1997).

Perhaps the most complete definition of AM is contained in the radsea
performed by NCHRP. NCHRP Report 551 defines AM as a “siat@gproach to
managing transportation infrastructure” (Cambridge System2fif§) that is based on
the principles described in the “Transportation Asset ManagemendeGi@ambridge

Systematics 2002):



Policy-Driven — Decisions on infrastructure management regbleloty goals and
objectives that define asset condition, levels of performance, andyqogl
services to meet customer needs and broader economic, commurdty, a
environmental goals.

Performance-Based — Goals and objectives must be tied to césmuras of
performance. Targets established for these performance measlregiide
decisions through the analysis of options, setting of priorities, aadrgm
budgeting and implementation.

Analysis of Options and Tradeoffs — Competition for scarce resouzaoe
interrelationships among decisions in different investment areasaffecting
different assets all argue for considering options and evaludimgradeoffs
among alternatives.

Decisions Based on Quality Information — Choices among options during
program development, project selection, and program and service delneery
based on their relative costs and consequences in meeting perforiaiayeats.
Objective, high-quality information is applied at each step, using analgtivoais

and decision criteria that are consistent with policy goals andtolge and an
agency'’s business process.

Monitoring to Provide Clear Accountability and Feedback — Performance
measures are monitored and reported, providing feedback on the effesgieéne
transportation investments and services, work accomplished, and pragchm

service delivery.



2.2 History of Asset Management:

During the 1990s, the only form of AM consisted of pavement and bridge
management systems. Under this system, investment decisionpnoge driven, and
asset preservation was frequently the by-product of facilitpaesion and new
construction. These management systems also planned and programnmaojdets on
a “worst first” basis. This approach to asset management wetisatarather than
strategic. Also, there was little, if any, data exchande/den the management systems
and as a result they were not able to evaluate trade-offedetvarious classes of assets
such as highways versus bridges (FHWA 1999).

As a result, FHWA created the “Asset Management PrinfédWA 1999) in
1999 after the 1998 reorganization effort which created the Offiéss#t Management.
The purpose of the primer was to educate transportation offigate ahy AM was
necessary. The primer states that “Asset Management hasafoage because of (1)
changes in the transportation environment, (2) changes in public expestatnd (3)
extraordinary advances in technology” (FHWA 1999).

The primer describes that AM is necessary because ofrsgatimands, personnel
constraints, increased budget demands, and accountability to the public (FHWA 1999):
e Because the Interstate Highway System is completed and, api@gsystem

demands are directed towards maintenance and reconstruction as \sgdtem

performance and reliability.
e Personnel constraints refer to downsizing that many State DXed dacing.

Because of the loss of professional staff, DOTs are forcedawtige their work



and are more likely to focus on management functions rather thalayhe-day
technical functions which are increasingly being outsourced.

e Budget demands arise from increased usage, costs, and needed ufdreses
factors are constraints on the transportation budget which is alreadytocapipe
funding with other publicly supported programs.

e Increased accountability to the public is necessary because af gkdgticism of
government along with an increasing preference for using priveterse
management approaches in the public sector which has led to deranhtset

government should be more accountable and operate more like a private business.

2.3 Current Status of Asset Management:

In recent years AM has become a popular topic among transpouéimals. It
is an area that most have heard of, but fewer are succgssifplementing. There are
numerous workshops held around the country each year to educate offimatsthe
best practices in AM. Much research has been done to help outliparbiples of AM
SO that state agencies can adopt these principles intgthetice. The next two sections
will outline what AM Initiatives have been developed at the federadl and the state

level.

2.3.1 Federal Initiatives:
As previously mentioned, FHWA initiated one of the first stepsatdes AM at
the federal level when the Office of Asset Management wableshed in 1998. Shortly

thereafter, in 1999, FHWA produced the “Asset Management Primerdrdiog to the

10



primer, AM is a philosophy that “focuses on the benefits of investas well as its
costs, and takes a comprehensive view of the entire portfolio of tréetsmporesources.
Asset Management is an improved way of doing business that responds to
environment of increasing system demands, aging infrastructurdijatetl resources”
(FHWA 1999). This is an important point for transportation officialse@lize because
once they buy into this philosophy, they can begin to take stepgltenmant this system
within their agency. In order to implement this new AM systamframework was
developed at the federal level for State DOTs to model.

Research sponsored by AASHTO and FHWA with the TRB producddR¥C
Project 20-24(11). Two tasks of this project were to: propose a gdreamework for
transportation AM that can be adopted by member states, and devel®ASHITO
“Guide for Transportation Asset Management” (The “Guide”). The déglideveloped
in 2002, provides agencies with guidance for implementing AM conceptpranaiples
within their business processes (Cambridge Systematics 200&)s ltcompleted so that
State DOTs could follow the correct steps to begin AM implementation.

The “Guide” first reviews basic AM principles and the necgsfamework. It
also defines AM as a process of resource allocation angatitin. This process consists
of policy goals, objectives, and performance measures; planning agdamming;
program delivery; and systems monitoring and performance resliltsf which is
supported by quality information and analysis. These principles egresented in a
framework shown in Figure 2.1. The “Guide” stresses that thasmdwork was
intentionally created to be generic so that any agenciesdapt the basic principles

while being able to adjust them to their individual needs. The “Guale3d allows

11



agencies to identify strengths, weaknesses, and areas in negaafament through the
application of a self-assessment test. Next, it defines thygesof AM and establishes
roles and responsibilities for an agency. In the following chaptees;Guide” covers

each of the four areas of transportation AM (policy goals, plgnamd programming,
program delivery, and systems monitoring) by reviewing key topics, foractices, and
practical implementation steps. Finally, it covers implementatwhich is how to

perform tasks identified in the AM action plan, track progress, ugatate the plan as

fundamental changes occur.

Goals and Objectives, Performance Me:

Examples: Transportation System Performance (including Customer
Perceptions), Economic, Social/ Environment

v

Planning and Programming

Options, Project Evaluation, and Tradeoff Analyses Across (Examples)

Asset Classes Investment Categories Funding Types
Pavement System Preservation Capital
Bridge Operating Efficiency Operations
ITS Components New Capacity Maintenance
Transit Safety
Rail
Port

Decisions on Allocating Agency Resources
Examples: Financial, Human, Information

Q
o

0

=]

<
g
Q
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&

fand
=]

=

)
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o
>
=

B

St

2.
»

3
Program Delivery

aduUPUIO IR g ‘UonIpuo)) ‘Arojuaauy :sajduwexy

Examples: Inter-Governmental Agreements,
Outsourcing, Procurement Options

v

tems Monitoring and Performance Re

Figure 2.1: Asset Management Framework (Cambridge Systematics 2002)
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There have been numerous studies performed at the federabletehulate the
understanding and use of AM for State DOTs. These studies inctatiziag AM as a
system as well as examining its components. In 2001, FHWA prodihesdData
Integration Primer” to promote the use of data integration astaopAM. One of the
goals of this report was to help agencies understand the impodamnekable data in
AM. “Useful and reliable data are central to a fully functngniAsset Management
process” (FHWA 2001). This primer also discusses the benefitdaifrdagration, how
to integrate data, and challenges to data integration; all within a total Addgutive.

The “Life-Cycle Cost Analysis Primer” was produced in 2002 RHWA to
address the use life-cycle cost analysis (LCCA) as agbakM. This primer examines
why LCCA should be used, how it should be applied, as well as iHstelsCCA faces
as a tool for transportation agencies. LCCA is tool that givessida-makers the ability
to determine the most cost-effective solution “for a transportativestment requirement
and is therefore a natural fit within the Asset Management frameweHMA 2002).

“Analytical Tools for Asset Management” was published in 2005 essalt of
NCHRP Project 20-57. The purpose of this study was to develop aaedlgfical tools
that could assist State DOTs in making tradeoff decisions wialeaging their agency’s
assets. The first phase of this study consisted of a needssrass¢ that reviewed
existing analytical tools and documented their capabilities anidations. One of the
primary conclusions from the first phase found that “many exgstinalytical tools are
not being used to their full potential to influence investment decis@king”
(Cambridge Systematics 2005). The second phase of the studydfaruskveloping

two tools (AssetManager NT and AssetManager PT) to fill ingdges found as a result
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of the first phase. Even though these tools were developed td taasportation
agencies in decision-making, the study also pointed out needed improvdanesdash
tool as well as some of the remaining gaps in analytical tools for AM.

One of the most important factors of AM is the use performaneasures to
guide decision-making on how to invest limited resources. NCHRRd® 20-60 was
initiated in order to provide guidance and define a framework teaicées could use to
identify performance measures and set performance target®bjdwtives of this study
were to (1) provide an assessment and recommendation for performesaseires
suitable for an AM approach that addresses resource allocatitmarisportation facility
preservation, operation, improvement, and expansion; and (2) to developeavérkm
that decision-makers can use for selecting performance resasut setting performance
targets (Cambridge Systematics 2006). This report contains twmmesl Volume |
summarizes the results of the research and describes themrended framework. It
discusses the state of the current practice, criteria fidorpgance measures that are
useful for AM, considerations in designing and using performance nesasnd setting
performance targets, and outlines a specific framework forifgegt, designing, and
using performance measures for AM. The performance measumesifoaik is made up
of three parts: (1) identify performance measures, (2piate performance measures
into the organization, and (3) establish performance targets (Camb®gstematics
2006). Volume 1l of this report is a guide to implementing this framework.

One of the most recent reports on AM came from FHWA in 2007. Asset
Management Overview” (FHWA 2007a) builds upon the AM research thdidesdone

since the publication of the “Asset Management Primer” in 199®x#mines the
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challenges to AM implementation, strategies for implemenmtatnd the next steps for
State DOTSs. It also provides a summary of some of the curractiqgas in transportation
AM. With the publication of the “Asset Management Overview” alonthwnultiple
other research studies, AASHTO and FHWA have shown that they hade
transportation AM a national priority. “They are providing natioteddership and
guidance to States as they work to incorporate asset managameimies and practices

into their business processes” (FHWA 2007a).

2.3.2 State Initiatives:

Federal agencies such as FHWA and AASHTO have produced numepous re
to assist state agencies with implementing AM. Many stadgs taken these principles
and used the given frameworks to help begin the AM process withinotliriagencies.
Some state agencies are using these guidelines as wakirag their own initiatives to
implement AM. FHWA has published a series of comprehensive transporéd case
studies that review current practices in several states. Tduegrehensive studies
include: Washington State, Ohio, and North Carolina.

The case study by FHWA entitled “The Washington State Eowpesi’ (FHWA
2007d) outlines the steps that the State of Washington has taken ifih&NVashington
State Department of Transportation (WSDOT) for many years dmad of the key
components of AM: data collection. However, even though these datactmoill
procedures were underway during the 1980s, there was little tomdb@tween analysis
and programming. One of the driving factors to implement AM in WSD@$3 the need

to improve its credibility of managing the State’s transpiomatassets. Effective
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communication with the state’s leaders was necessary to fravvé tvas managing the
state’s assets properly.

In 2000, the agency worked toward moving to a GIS-based systeasdets. The
GIS Workbench was created so that a linear reference systeid e established to
“provide a crosswalk between databases” (FHWA 2007d). The depdidnheng-term
goal is to refine the Workbench so that all of the informatiorectd#d can be accessed
from anywhere in the department. Another technological tool that is being us&d fsr
the use of automated data collection vehicles. WSDOT is one ofvastiges to
implement an automated pavement condition vehicle on 100% of the suramed |
(FHWA 2007d). This allows for high resolution images to be examinedrdged
technicians in order to assess pavement conditions. From a pohcipasiat, WSDOT
has also created a performance report, “The Gray Notebook,” to gahfermance
measures and benchmarks and report its progress to legistatoesGray Notebook”
allows WSDOT to link performance measures to the department’s strabggatives.

WSDOT has made great strides in implementing a total AMesysTheir efforts
to increase communications have resulted in a funding increase ina2d0&gain in
2005. Also, during the 2003-2005 biennium, “WSDOT moved from an allocation- to a
needs-based system” (FHWA 2007d).

The FHWA case study “The Ohio Experience” (FHWA 2007c) reptréd
during the 1990s, the Ohio Department of Transportation (Ohio DOTizadalhat it
needed to restructure its organization if it wanted to maintacafgal budget. This was
one of the driving factors behind implementing AM at the Ohio DOieyTknew that

they needed to 1) decentralize the department and 2) develop a nuoratec
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transportation asset management system that would prepare theneepdor the 2%
century (FHWA 2007c). As a part of restructuring, each digbectame responsible for
its own budget so that it could better respond to individual needs wittidigtrict. One
of the Ohio DOT’s new policy statements made a commitment tosfon system
preservation first and then consider capacity expansion only th&eother bills were
paid (FHWA 2007c). One of the biggest steps towards implementioi@laAM system
at the Ohio DOT was the development of the Base TransportaéifareRcing System
(BTRS). The BTRS is a GIS-based program that consolidatedetietment’s different
referencing systems. This provides a common referencing systgraviements, bridges,
and safety as well as project development and road inventory (FHWA 2007c¢).

The Ohio DOT'’s success in implementing an AM system can beiloatei to
developing a performance-based managerial system. The agencsethasimerous
performance targets such as a FY 2008 statewide goal for “abtepbavement
conditions on the Priority, General, and Urban systems at 9@mier¢-HWA 2007c)
with similar goals for bridge conditions. Performance measha®e required that the
agency remain accountable in all areas of operation.

“The North Carolina Experience, Part One” (FHWA 2007b) reportstiigatorth
Carolina Department of Transportation (NCDOT) began its shifatdvAM as it began
to focus more on conditions and maintenance and eventually system preseaval
AM. In order begin the AM process, NCDOT knew that it needed tmbtain the best
system data possible, and 2) develop a comprehensive asset mandgegnemge plan
that was performance driven” (FHWA 2007b). One of the first stepsrd an AM

system was the development of a methodology for categoriziragsinfcture concerns.
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The first method created statewide, regional, and sub-regionaesla¥he second
method categorized needs according to maintenance, systenvg@iiesemodernization,
and expansion. As NCDOT recognized the importance of AM forrntieeedepartment,
the Asset Management Office was established. This offiqgetiesupport the division
offices in AM activities. As the focus on AM continued, the developroéntanagement
systems such as pavement (PMS), maintenance (MMS), traffi@lsimaintenance,
bridge (BMS) and geographic information systems (GIS) began togspp. “NCDOT’s
goal is for all of these systems to one day communicate withnmanon data system”
(FHWA 2007b).

Since NCDOT began to implement AM, it has learned several leskanyg
Love, the AM Director, states that a DOT should start wiimesthing it already has
(such as pavement management) and expand over time. Also, buy-inleteld is
critical for the success of AM. The involvement of everyone froenahief executive to
the front-line manager is necessary. The third lesson is tHaOa ‘heeds to give field
personnel the tools they need in order to make intelligent decisigasdieg system
conditions and maintenance priorities” (FHWA 2007b).

The “Best Practices in Transportation Asset Management” Gdge
Systematics 2007) produced by FHWA represents one of the mast recews of AM
practices in the U.S. Its purpose is to “identify best casmpbes of the application of
asset management principles and practice in U.S. transportationesjgi@ambridge
Systematics 2007). It not only examined six state transportatenc&g, but also a city
transportation department, two metropolitan planning organizations, two county

transportation departments, a toll way authority, and two std¢easset management
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associations. Having a variety of transportation agencies thiatipated in this study

allowed for a large spectrum of AM expertise to contribute tdishef best practices.

The following is the observations and conclusions found as a resuhisofstudy

(Cambridge Systematics 2007):

The agencies visited had all adopted a ‘preservation firategy for their
investment priorities.

In each case, the success of the asset management procediscoths

linked to the actions of an asset management champion or champions.

In several cases, the existence of an asset managemersispioted more
importantly, of the information that justified investment in a roagtesy,

was instrumental in securing additional dollars from the legislature.

The most successful asset management processes have movdtbaway

a “worst first” investment strategy, and instead have adopted messt
principles that are based on life-cycle costing that resuliammost cost-
effective preservation and maintenance strategies.

The most successful asset management processes had performance
measures that guided investment decisions throughout the organization.
Scenario analysis showing the consequences on performance measures
was one of the most effective methods of convincing decision-makers

the need for investment in the transportation system.

There was no one organizational model for asset management.
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The “growing pains” of an asset management process in alnhasisak,
fostered enhanced communications among many different organizational
units.

One of the most important starting points for implementing ant asse
management process is to conduct an organizational self assessment.
There was very little evidence of the application of risk amalys
techniques in the asset management processes observed.

In several cases, agencies viewed data as an asset anthtoelléation
process as an important decision support function.

A customer orientation had been adopted as part of the asset mankageme
process in several cases.

New technologies have the potential of making data collectionsketa
management activities more cost-effective and efficient.

It is essential that an agency have its own performance nesasiueria
documented whether they are performing maintenance activitiesuse

or through a private contract.
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CHAPTER IlI

ASSET MANAGEMENT INDICATORS

3.1 Introduction:

One of the major assumptions that this research rests upoh tiseiteais an ideal
AM framework that is attainable for State DOTs. This freumk would contain all of
the essential components of AM. For the purpose of this study, thesential
components will be called AM indicators. The purpose of these iodsca to identify
the successful practices of an ideal AM system for a S1@€&. They reflect the most
essential components of a successful AM system. In order fa theisators to exist,
they need an ideal AM framework from which to be based. Someargue that this is
not possible due to the differences present in each DOT. Whddrite that individual
agencies may be unique in organizational structure, relationshipghetlegislature, and
investment priorities; this does not mean that there are not comactorsf for AM
implementation that runs through each one. The challenge is idenafyraghework that
is generic enough so that it can apply to every DOT, but ondhéisaeénough detail so

that it has significant application.

3.2 Asset Management Framework:
There have been several AM frameworks created in the pastas years that

outline the necessary steps to implement AM. FHWA developedamefrork
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that consisted of 7 components when they published the “Asset Manadenmeet’ in
1999. The “Guide,” published in 2002, also developed an AM framework. This
framework has been widely accepted as a good generic fraknéwm which to base
AM for a State DOT. Instead of trying to come up with an elytinew framework, the
“Guide’s” framework was adopted and modified it to include an importa
component/indicator that this study has found essential to the AM prdégsire 3.1
represents this modified AM framework which now includes “Assetadament
Culture.” Each of the five framework components will serve asomiadicators that
point to the most successful AM practices. These major indicaack have sub-
indicators associated with them, as can be seen from Figure Bel.following

paragraphs will discuss the major indicators along with their associdieddicators.

3.3 Asset Management Culture:

The first component of this framework is Asset Management CulfTings
indicator is one of the most difficult to define and measure, butalsoof the most
important. AM Culture must first be present in an agency beforeofittye other steps
can take place.

In the summary of the “Guide”, it mentions that AM is not another pegram,
but in fact a “way of doing business” (Cambridge System&@@2). A new way of
doing business implies that it should affect every aspect ofgdwecyg. If AM is treated
just as another program, it will not succeed. AM should be viewed @scass that
integrates all of the existing management systems so that theyfummctinison toward a

common goal instead of operating separately in the silos ttdatidreally exist. This
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requires a change in the mindset of those who carry out the diytework activities, as
well as those who are the major decision-makers within the ag&weyyone in the
agency should understand that AM is a better way of doing things. ultmsately
requires a change in culture. In order for AM to be successfulst have the support of
everyone involved.

——® Asset Management Champions
——@ Perception of Asset Management
—e Effective Communications

——e State Legislative Mandate

< Asset Management Culture )

——@ Asset Inventory

——e Common Referencing System
Program Delivery

——e Up-to-date Condition Data

—e Data Management & Analysis

Asset
Management

Resource Allocation Policy Goals & Objectives

Decisions Based on Condition Data Performance Measures & Targets

Figure 3.1: Asset Management Framework/Indicators

3.3.1 Asset Management Champions:

The “Best Practices in Transportation Asset Managementi Beport reported
that “the success of the asset management process was dimk&etiyto the actions of an
asset management champion or champions within the organization” (Ggenbri
Systematics 2007). This report stated that this champion was s@adhe head of the

agency or maybe just a key staff member who believed strongly in the principlds of A
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An AM “champion” is a person or group of persons who understand the principles of AM
and are willing to be a leader in the process of implementiMgfé their department.
The key is that strong AM leadership must be present in order for it to be sutcessf

The “Guide” suggests that in order to successfully implement &M lead
responsibility should be assigned to one individual. However, when talkisgveral
AM leaders at State DOTs, they thought that this was not sedgsan essential
element. They did, however, think that strong AM leadership from togside-makers
must be in place for AM to be successful. This leadership mag @corthe form of one
individual, as the “Guide” suggests, or it may manifest itselthe form of several
individuals that take on these responsibilities. The purpose of thigistadt to specify
what form leadership should be in, but just to make certain ti&pitesent within the
agency.

One way to see if an agency supports AM from top managemehetker or not
the director supports AM as the “way of doing business.” The direldes not have to
necessarily be an AM champion, but he or she must understand the mopartaAM
and allow that practice of AM to influence the policies of the ageBace again, several

of the DOTs interviewed for this study agreed that the DOT director should support A

3.3.2 Perception of Asset Management:

The way AM is viewed within an agency is extremely importanits success.
“Buy-in from all units of the agency is critical to a sussfell asset management effort”
(Cambridge Systematics 2002). Not only must top management understamayantb

AM, but all staff should understand these principles as well. “@gauy-in at both the
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executive and operations levels of the organization is criticldoess” (FHWA 2007a).
If everyone in the agency understands why AM is important and hoffedts day-to-
day decisions, it makes AM that much easier to implement.

AM is a philosophy rather than a checklist of items to be camqghl&taff should
be careful not to misunderstand AM as a separate, new, or compasimgss process
(Cambridge Systematics 2002). If this happens, it would be easy fagency to have a
number of AM components in place but not use them to influence thesialeanaking
process. This is why AM requires a change in culture in ordeudoesd. It requires
more than a change in technical procedures, but “a transformatiageimcy culture
based upon a change in philosophy about institutional objectives, therrereaat of

success, and how agency units relate to one another” (Cambridge Syst@0@2ic

3.3.3 Effective Communication:

Effective communication is critical to the success of AMmlist be present
between an agency and its governing bodies, its stakeholderstsarmlistomers
(Cambridge Systematics 2002). This is important because of the ciatgeM brings
to the transportation industry. Change naturally causes pempleestion why the new
way is better than the old. In order for them to accept change, tstyumderstand what
is being done and why it is happening. In an agency structure, becsluseigt first be
embraced by top management, it is important that they effgcteenmunicate the AM
vision to the staft.

Strong “vertical” communication that allows staff to understdngdvision of the

top management must be present within the agency. While meetihgthvait Utah
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Department of Transportation (UDOT) AM officials, they expeesthat communication
with individual regions is necessary, especially in a decergthbystem such as theirs.
These meetings take place twice a year and allow AMialfiat UDOT's headquarters
to discuss AM goals as well as performance measures (Rise, personal
communication, Sept. 4, 2008). This type of communication keeps regions ratslist
informed of the goals and objectives of the department while diswiad regions to
express specific problems they are facing at the implementation level.

Strong “horizontal” communication between divisions within the ages@jiso
necessary for AM success. “The Best Practices in Transpartasset Management”
found that agencies which have already begun to implement AM aghet¢dthie
“‘growing pains” of AM fostered enhanced communications among differe
organizational units. These same agencies recognized the needs®moganizational
coordination in order to create more effective planning and decisi@mgngCambridge
Systematics 2007). This enhanced horizontal communication not only ircctbaséuy-
in” throughout the department, but it also reduces competition betweenizatgzanal

units and establishes the basis for tradeoff analysis.

3.3.4 State Legislative Mandate:

Several agencies, including the Michigan Department of Trangpar(@DOT),
have found that the existence of state legislation requiringig\ld strong catalyst to
adopt AM principles (Cambridge Systematics 2007). In some caseamidy force
agencies, which may be initially uncommitted to AM, to develop anp&¥pective, or

at least serve as a means to begin AM within the organizatmmever, legislation may
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not always have to force agencies to implement AM as in tbe chthe Ohio DOT.
They took a proactive approach and helped create AM legislatiorethates a business
plan to be filed every two years which reports on AM initiatiaes well as key

performance indicators.

3.4 Quality Information and Analysis:

The Virginia Department of Transportation (VDOT), as a resiuibitiating their
Inventory and Condition Assessment System (ICAS) project, detedna new policy
which stated that a credible and useful transportation inventory andicoraisessment
must be established and maintained (Larson and Skrypczuk 1996). @atityation is
the backbone to any AM system. Without it, AM cannot function; itobess
meaningless. Data is necessary for agency objectives, thaodeauisking process,
project delivery, and to monitor progress toward these agency igbgecData affects
every step in the AM framework. In order for an agency tolde & implement AM
effectively, it must first know what assets it has, whereetlassets are located, and what
condition the assets are in as well as be able to performthesagy decision-supporting

analysis.

3.4.1 Asset Inventory:

A complete and accurate asset inventory is needed (Larson ayut&SKke 1996);
otherwise system-wide analysis is meaningless. Many timesoHleetion of quality data
is one of the first steps that an agency takes in ordendcessfully implement AM.

When the Oregon Department of Transportation (Oregon DOT) begapleEment AM,
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one of the first steps taken was to locate linear assets gimddaga collection for these
assets (Mark Wills, personal communication, Sept. 5, 2008). Beforetramyasset
management can take place an agency must first know what assets it haage.ma

A central relational database that is used to store informfairatifferent classes
of assets is helpful when attempting to integrate data. The Mitsn&epartment of
Transportation (Mn/DOT) has a Transportation Information SysfédB) that acts as the
central repository for data on the public road network. The TIS cenwinumber of
subsystems that include data on bridge conditions, pavement manggamieroadway
history, for example (Cambridge Systematics 2007). Systemsasutblese do not require
that data from different assets be contained in the same satdmat just that this
information can be accessed from a central database. This aftafsand decision-
makers to be able to access data from different asset clagd®ut having to scan

individual databases one at a time.

3.4.2 Common Referencing System:

It is imperative that accurate locations for all maj@ets exist through the use of
a common spatial referencing system. Having assets tagdbdspatial information
allows the ability to integrate data from different sources ralational database (Larson
and Skrypczuk 1996). If assets are identified but not located in a @omeferencing
system, it becomes very difficult to integrate data from difierassets as well as
determine exactly where preservation, operation, or capacity fsogwuld be
performed. AM is about strategically managing the entireesysthis is extremely

difficult without a common referencing system. The Ohio DOTized this when they
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first began to implement AM. One of the first steps they took tsva#M was the
development of the Base Transportation Referencing System (BTRiS)is a common
referencing system for both pavements and bridges. The BTR&uthIS and breaks
each segment into 1/1B0nile, for which condition data is available. Leonard Evans, an
Ohio DOT official, stated that the BTRS was one of the most itapbisteps toward
implementing AM (Leonard Evans, personal communication, August 11, 2008). The
Ohio DOT realized that a common referencing system wasss@gefor a successful

AM system and they took the initiative to create a system that worksowétem.

3.4.3 Up-to-Date Condition Data:

“Useful and reliable data are central to a fully functioninggedsManagement
process” (FHWA 2001). If data is to be useful, it must be curreata Ehat is several
years old may not be useful because it does not represent the pa@sditipn of the
assets that are being examined. The “Guide” states thatchrbark for effective and
efficient data collection is “complete and current assetntorg and condition data.”
More specifically, in the self-assessment section of the “Gumtee of the questions
promotes this concept by asking state agencies if they rggotdigct information of the
condition of their assets (Cambridge Systematics 2002). Conduetindar condition
assessments allows agencies to have the most up-to-daseai&hle which makes their
data analysis more effective and in turn enhances the denisiking process. However,
the term “regular” is still somewhat ambiguous. Some agems@sinterpret “regular”
condition assessments as every other year or may only do wieguised at the federal

level. The Ohio DOT, however, performs bridge inspections and paverssegssments
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every year (Leonard Evans, personal communication, August 11, 2008). ks ah
excellent database from which to perform decision-supporting analiise Ohio DOT
feels that AM is better supported by having condition assegsmegery year. This may
not be a possibility for some states with limited funding. More c¢mmdiassessments
mean more dollars from a budget that, in many cases, is alsti@dghed thin. While
collecting data every year may be the best scenario, theimqusttant factor is that data
is being collected on a regular basis so that decision-makerpm@fertable with data
that is reliable.

If data is to be reliable, then it must be complete and consi€emplete data
means that there is condition information for all of the as$eiisare being managed.
This is necessary so that system-wide analysis can be rpedorConsistent data is
repeatable and falls in line with previously collected and sucogethta. For example,
consistent condition data should demonstrate a decreasing condition f@tirey
pavement as time progresses. Inconsistent data may show asddoreandition rating
one year followed by an increase the next. This type of daiat ieliable. UDOT found
that consistent data was a major key in successfully ingrieng AM. As they tried to
implement AM, they discovered that their data was inconsistenthanefore unreliable.

This limited their ability to perform quality data analydmttis needed for successful

AM (Tim Rose, personal communication, Sept. 4, 2008). Good, consistent, andteomple

data is essentially for AM to function properly.

30



3.4.4 Data Management and Analysis:

Asset data should be managed within a formalized data manageameetvork
(Mark Wills, personal communication, Sept. 5, 2008). This allows data twvdamized
and integrated so that it can be quickly utilized by staff mesnb@ perform AM
supporting analysis. UDOT agrees that data management igpartamt component by
stating: “a computer-based data management system augmetitezhalysis capability
is a very important enabling tool for an agency’'s asset marage program”
(Cambridge Systematics 2007).

There should also be a dedicated person(s) to managing dataemanagnd
analysis software. A knowledgeable and experienced data imbeglaader and an
expert data manager are needed to design a modular, robust, andinaf@ata
architecture that can support the expanding and changing trangpod@tision-support
requirements (FHWA 2001). This is an especially important poinihefe is a high
turnover rate of personnel in this area. If there are no expextalzle in the area of data
management then it becomes difficult to update and make readilglde the analysis
necessary for AM to function properly. NCHRP Project 20-57 found ttiatmost
successful analytical tool applications occurred when an ageoaymitment to
integrating the tool within its decision-making process and supponmedntarnal
“champion” to improve the tool over time (Cambridge Systematics 2005).

Asset analysis software should be utilized to identify needseirsystem. These
types of decision support tools should provide an economic perspective illy fac
conditions and calculate performance measures across allygssetas well as predict

the future outcomes of decisions under consideration. Many agenciegooés/ghat
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possess the capability to perform such functions, but their use hwgement for
decisions such as resource allocation and program tradeoffs isvenptfrequent
(Cambridge Systematics 2002). Instead of using software asssat database, its
analysis capabilities should be utilized to affect decisions that support AM.

Once quality data is available, DOTs should be able to provide thbildgp®
project future asset condition through the use of deterioration modebsllyl these
systems will use actual data to update these deteriorationsr(@ehbridge Systematics
2002). This is where the value of many years of quality datanbes extremely
important. Agencies that do not have quality data, or are just begitoicollect quality
data will not be able to perform this analysis. The Ohio DO wusga from the ten
previous years’ to predict future asset performance and plan futopjectsr (Leonard
Evans, personal communication, August 11, 2008). This type of analysitremely
important to the AM process. If future asset performance carmprédicted, then
preventative measures such as maintenance and rehabilitatibea pamgrammed before
an asset falls into disrepair that requires reconstruction. $hespart of strategically

managing assets in a successful AM system.

3.5 Policy Goals and Objectives (Major Indicator):

The role of Policy Goals and Objectives is to establishear @juidance for the
remaining steps in the AM framework (Cambridge System&@&?). This drives the
decision-making process of an agency. It allows an agencyt tpriseity investment
areas which gives direction and makes it easier to set obgeciilie purpose of AM is to

strategically manage assets with a long-term plan in mingltd manage the system as a
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whole working towards a common goal instead of different investareais competing
against one another for funding. Policy goals help give the agenctritisgge vision

that enables the agency to embrace AM.

3.5.1 Policy Goals and Obijectives (Sub-Indicator):

It is important that an agency select a priority investmenti.atThe asset
management framework does not prescribe what priorities shouldfasme only that
individual agencies and their policy-making bodies discuss and analizg options to
adopt the ones that are felt to be warranted” (Cambridge rBg8ts 2002). There are
three major investment areas that a DOT may choose to pkagepaiority. Typically,
these three areas are. system preservation, transportatitem sgsanagement and
operations, and capacity expansion. Each of these areas has iteddoxdual merits and
is important to the transportation system.

System preservation is the top priority for many agencies becduke current
condition of highway systems in the United States. Mature diatesthis issue as most
of their highway systems have been completed and now their priomarg has shifted
towards maintenance and rehabilitation. The Ohio DOT made the tommito budget
for system preservation first and then address all other ndedshalt point. The Florida
Department of Transportation (FDOT) also considers systemrpatise to be very
important, evidenced by the fact that they fund maintenance needs befpicapacity
expansion projects are considered (Cambridge Systematics 2007/vétowther states
such as Utah are still growing which requires capacity expansitie a priority (Tim

Rose, personal communication, Sept. 4, 2008). Others may consider Hgstams
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operations as a priority as they receive pressure to adopt &edngestion” strategies
(Cambridge Systematics 2007). AM does designate which of thesdigs should be
placed first, rather it should be up to individual agencies to andhgze dituation and
decide which one best fits their needs and should be placed ahead of the others.

Policy goals and objectives should guide the agency’s overall deq@Bicsss.
The Ohio DOT’s decisions are guided by a set of principles @matkgic goals that are
linked to performance measures that are found at all levels ahiaggional decision-
making (Cambridge Systematics 2007). Based on this, it is ttlaathere should be a
plan with goals and objectives, but this plan must directly affegsida-making to truly
be effective. Policies that do not influence decision-making cten dfe vague and
therefore difficult to identify. This is why policies should leddtectly to action by
pointing to specific, quantifiable, and achievable targets.

Policy goals and objectives should support a long term life-cypfgoach to
managing assets rather than traditional “worst first” approa¢hMesst successful asset
management processes have moved away from a ‘worst firsstmgat strategy, and
instead have adopted investment principles that are based on |de-cysting”
(Cambridge Systematics 2007). Traditionally, many states plan avgtapr their
projects on a “worst first” basis. Because DOT budgets only d¢owerhorizons of 1 to 2
years, committing funds for the long term is very difficult. Theembined with the
uncertainty of future funds, places pressure to select the oyt the lowest initial
cost rather than looking at the total life-cycle cost (FHWA 1988). should be about

making cost-effective decisions; ones that benefit the sysseanvehole. This fits into
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strategically managing assets. AM supports life-cycle mgdbecause of its long-term
view of performance and cost (Cambridge Systematics 2002).

Policies should be related to objectives, performance measures, forthpace
targets from the very beginning. As policy goals are developedyrperhce measures
should be defined at the same time (Cambridge Systematics 2002)gi\fés agencies
something to measure against. It is a type of feedback tloatsatlecision-makers to
gauge how well policies are enabling the agency to meetfigoetargets. If targets are
not being met, then perhaps policies need to be evaluated to detdrtheeneed to be

improved.

3.5.2 Performance Measures & Targets:

Performance measures provide the critical link between policyg goal planning
and programming decisions (Cambridge Systematics 2002). Thay aljencies to
measure what affect policy decisions have on programming. diteeg way to monitor
progress toward a result or goal and are indicators of work perfoameédhe results
achieved (Cambridge Systematics 2006). Because of their cridlealit is essential that
agencies have performance measures and targets present irorgaiization. An
example would be what measures FDOT has for its pavements mig@sbrTheir
objective is that 80% of state highway pavements meet thetoeypeiis standards (6 out
of 10 condition rating). The objective for bridges is that 90% of bridgest standards
which are defined as not showing evidence of structural deterioratiobgemagt limited
by weight restrictions or not needing preventative maintenadamlfridge Systematics

2007).
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However, simply having performance measures in place for paveraadts
bridges does not ensure that the agency is on its way to successfully impigmamt It
is vital that an agency use performance measures to govemnd#@@sion-making
process. Policy goals and the associated performance meastitasgets should guide
an agency’s overall resource allocation and program delivery (GigebBystematics
2006). Mn/DOT states that once they switched to a performance emeagjapproach,
it was no longer a matter of which projects should be a part ohvlestment program,
but how the performance targets could be reached (Cambridge Systematics 2007).

The amount of resources necessary to accomplish specified perfertaagets
should be known. Policy objectives and targets should only be set atemialyzing the
costs to achieve different levels of condition and performance wilhisnable an agency
to establish realistic targets (i.e., targets that areewahie given existing funding
restraints, traffic usage, etc.) (Cambridge Systematics 2Q02)possible that an agency,
with good intentions, may set goals that are idealistic andftiheraot achievable. An
agency should set targets that can be reached within their owncti@s and
circumstances; otherwise, they may mislead stakeholders and assé¢os what their
capabilities are. For example, the Ohio DOT knows that for $XanYount of
maintenance can be performed. For 10 percent more money, 15 penceat
maintenance can be performed (Cambridge Systematics 2006). Beartg abésent data
such as this to stakeholders will show that an agency is kdgeddle on what specific
goals it can accomplish given a certain amount of money. Thisemdytd being able to
secure additional funding. Maximizing performance targets shouldebgdal of every

agency wishing to implement AM.
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Once performance targets are set according to what the agam@ccomplish,
user feedback should also be considered to determine what is accefitableelected
measures should be able to reflect customer perceptions of sgstéonmance and
guality of service where appropriate” (Cambridge Systematf2). One concern may
be that performance targets are set lower than customertaxpes. If this is the case,
targets must be raised until they reach a satisfactory ldeglever, an agency may set
targets that are higher than customer expectations. While agéiwgls may see the
need to set targets this high, ultimately it is unnecessaryrandvaeise use of resources.
“Only by regularly collecting customer perceptions of assedition and performance,
as well as their expectations, can agencies maintain or iecoe@somer satisfaction”
(FHWA 2007a). Targets should be set to meet customer expectatiorzsset

performance.

3.6 Planning and Programming:

Planning and programming is important because in this stepatecere made
about what projects should be selected. Once goals and objectives vaiibng
performance measures have been established, decision-makamwcparform tradeoff
analysis and allocate resources across the network as neededl, @laraing and
programming allows policy goals and objectives to be realizegpradical way through

the decision-making process.
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3.6.1 Resource Allocation:

Asset Management “involves applying general principles smaftlgtively, and
tactically to resource allocation and utilization — the heartasgdet management”
(Cambridge Systematics 2002). Resource allocation is important bataggresents the
direct application of AM principles. Policies and goals do not megthéng unless they
directly affect decision-making procedures. Resource allocasioa decision-making
process that should be affected by AM policies. This process sheutdmprehensive,
viewing the transportation system as an integrated whole whichdeondradeoffs
among investment areas (Cambridge Systematics 2002). This mweangradeoff
analysis across all major assets should be performed whengnasource allocation
decisions. This facilitates examining the system as a whote raaking resource
allocation decisions that benefit the system instead of favoriogrtain asset type or
region over another.

Resources should also be able to be moved across districts asdasset upon
need. The Ohio DOT allocates a certain amount of money to eadbtdistich then has
the ability to spend that money in the most efficient manner. Eatictican examine its
needs and determine what should be spent on bridges, pavementsegtalsd have the
ability to re-allocate funds from one district to another sa tha needs of the entire
system are best met (Leonard Evans, personal communication, AuguXi08), By
having the capability to move resources regardless of distrietsegt means that an
agency is committed to doing what is best for the entire syisigtiend of keeping funds

in silos that traditionally exist.
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3.6.2 Decisions Based On Condition Data:

Resource allocation decisions should be made across programs araplyeog
regions based on expected performance rather than historical @pfarmulas that do
not correlate with an objective indication of system condition (CalgérSystematics
2002). The Ohio DOT's districts’ budgets are driven by the conditiaimeofassets for
which they are responsible (Cambridge Systematics 2007). Tiosvigiuality condition
data should support the decision-making process. If resource$oaated not according
to condition data, the decision-making process is not performance-basgevét, AM
is performance driven and based on quality information. Both of tlaesers support
resource allocation decisions based on condition data.

Future projects should be programmed on a regular basis accaaling
performance forecasts which are based on condition data. The Ohim&@@hly uses
past condition data to predict future performance of assets, bubadkm future projects
(Leonard Evans, personal communication, August 11, 2008). Future projedis of t
nature may consist of preventative maintenance, rehabilitatioac@nstruction projects.
Performance forecasts based on past condition data will alleaceg the capability to
predict failures within their system and then program the apptepproject to fix that
failure. The ability to program projects and deliver them in al§nmanner is more
efficient than waiting for an asset to deteriorate beforerproming its repair. This may
allow a less expensive repair to be completed instead for pémfpmeconstruction, for
example. “State DOTSs report that the proactive approach of miegixe® maintenance —

known as pavement preservation — cuts the need for costly, time-consuming réloabilita

39



and reconstruction projects” (FHWA 2007a). AM is about performingitie fix at the

right time (Gil Chesbro, personal communication, August 12, 2008).

3.7 Program Delivery (Major Indicator):

Program delivery is one of the last steps in the AM processuftique because it
occurs after most of the “traditional” AM decisions have beeden At this point,
policies and performance measures have been established, rebavecesen allocated,
and specific projects have been programmed. However, AM alsad=xinto this final
step by making certain agencies consider the most efficiaptto deliver projects. AM
is strategic in nature and looks to find the best way of daimg task. Evaluating
different program delivery methods may provide opportunities for redeosts or
schedules while staying within the project scope. Depending on tiziit, the budget
or schedule may govern the program delivery method. The purpose of pradgiraeny
in AM is to select the most efficient and effective way tlivkr a project to the

customer.

3.7.1 Program Delivery (Sub-Indicator):

Alternative delivery methods should be regularly evaluated witienagency.
This involves an assessment of options while considering relative, dustefits and
risks, both immediate and long term (Cambridge Systematics 2002exXangle of an
alternative delivery method is the design-build (DB) deliveryhmet Traditionally many
states use the design-bid-build (DBB) delivery method for thejepis. DBB is often

preferred because its strength is delivering projects wherbubdget is the primary
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concern. However, some projects may require that the schedptantagy. If this is the
case, the DB option (which is schedule driven) may be a betteergemethod. UDOT
used DB while reconstructing 16 miles of 1-15 in time for 2002 Winter Olympics. It
was estimated that if the traditional DBB method was used, tjecomwould have taken
eight to ten years to complete. However, the DB method was eetpkoyd the project
was completed in five and one-half years (Cambridge Systematics 2002).

Another type of delivery method that may need to be considered lyeanyais
public-private partnerships (PPP). This is a contractual agreeledéween public and
private sector partners, which usually allow a governmental agencgntract with a
private company to renovate, construct, operate, maintain, and/or marfaggity or
system (FHWA 2004). PPP’s are sought as alternative delsystgms to address the
shortfalls in funding (Aziz 2007). This is especially important sin@any agencies face
revenues that are increasingly less than the investment requienWhile PPP’s are
more popular in Europe and Asia, they are also being used in the Stated. Between
1985 and 2004, $42.1 billion worth of road projects were planned and funded in the
United States using PPPs (AECOM Consult 2005). This represdaidyasignificant
amount of funding for road projects in the United States. AM certdiogs not require
that PPP projects be used, but as part of evaluating and effeadiee@nomical choices,
PPP’s need to be considered.

As a part of program delivery, performance-based contraeld to be regularly
evaluated. Performance-based contracts focus on the results, outputcane of the
end product, not on the materials and methods used to build and maintarodbet

(Aziz 2007). AM calls for system performance to govern decigimmmgighout the project
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life cycle. State DOTs can incorporate these performancetoaseepts through the use
practices such as: performance specifications, cost plus tiduengi (A+B bidding),
best-value bidding (quality based selection), lane rental, lideeayost bidding, incentive
contract clauses, and warranty periods (Cambridge Systematics. Z¥i2) of these
methods is an innovative approach that encourages improvement in prodiigtayubke
reduction of schedule and/or budget. These objectives fit within the AM framework.
Additional opportunities in program delivery exist in outsourcing maaree
and operations activities, which should be regularly evaluated. Potbetalfits of
outsourcing include lower overall costs, improved service, opportundiesgilize the
expertise of private companies, and overcome in-house staffing aiotstfCambridge
Systematics 2002). Some agencies outsource data collection. WhHem dé&xided to
switch to automated data collection in order to maintain considétat they outsourced
their data collection to a private company (Tim Rose, personaincmination, Sept. 4,
2008). This demonstrates taking advantage of the expertise of a pntiage According
the “Best Practices in Transportation Asset Management,” deageacies use private
contractors to perform long-term maintenance services while athiénsrimarily relied
on their own forces (Cambridge Systematics 2007). This illustrated thawot important
which maintenance method an agency uses in order to successiiiynient AM, but
rather that an agency evaluate outsourcing options and choose the Hdeestexhen their

current situation.
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CHAPTER IV

ASSESSMENT OF ASSET MANAGEMENT INDICATORS

4.1 Introduction:

As a result of the previous chapter, the necessary AM indidaéwes now been
identified. However, simply the identification of critical factdor AM is nothing new to
research in this field. FHWA developed a list of components for arpAdgram with the
publication of the “Asset Management Primer” in 1999 (FHWA 1999). Tpsesented
one of the earliest efforts in transportation AM. Even in theyesidiges AM, a basic set
of factors were identified. Several years later the “Gu{@&mbridge Systematics 2002)
established an AM framework that is now universally accepted artrangportation
agencies and officials. The “Guide” also provides a self-assesseetion that allows
agencies to assess their current status of AM. The objectivesastudy is very closely
related to the self-assessment section in the “Guide.” Howekere is one major
difference between this research and the self-assessmentheotelf-assessment tool
assumes that each component and each factor of AM is of equaltang®rThis is
indicated by the absence of weights when computing one’s score at the end didhe sec
By its own definition, the self-assessment is meant to be a quick diagoosticat gives
an overall impression, not a detailed measure of where an agandg svith respect to
AM. The “Guide” states that the results of the self-assessmre specific to an

“agency’s management environment and financial, organizationalfutrstal, and
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technological situations” and therefore do not provide a meaningful Hasis
comparisons with peer agencies (Cambridge Systematics 2002).aldng, with the
absence of weighting factors is how this study differs from the sassisent tool.

One assumption that this study rests upon is that there is anAiblealystem
available to State DOTs. This ideal system is genericgimea that it can be applied to
every DOT, but still specific enough so that it has meaningbpli@ation. Another
assumption is that this system has components that are moreantgban others when
implementing an ideal AM system. If this is true, then thesaponents or indicators
need to be weighed according to their relative importance. This hdseantdone in
previous research. Several different AM frameworks with mammymon components
have been developed, but these components have never been weigllednbdsar
importance in implementing an ideal AM system. If accuratighte for these indicators
can be developed, a more precise assessment tool could then beegreBamtguestion
then arises as to how to quantity the level of importance of Bhéndicators. To achieve

this, a suitable methodology must be chosen.

4.2 The Analytic Hierarchy Process:

The Analytic Hierarchy Process (AHP) is a methodology usenhulticriteria
decision making that was introduced by Saaty (1980). It is aytlidoneasurement that
is used to quantify qualitative or subjective factors that aHedcision. AHP is applied
by first structuring a hierarchy. The top level in the highg is the goal. The subsequent
levels that fall beneath the goal are criteria and suberitegspectively. There can be

several levels of subcriteria. “The purpose of the structuie nsake it possible to judge
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the importance of the elements in a given level with respeonte &r all of the elements
in the adjacent level above” (Saaty and Vargas 2001). This isccauteusing pairwise
comparisons which form a matrix for each level in the hierarthg weights (or level of
importance) for each subcriteria and criteria are obtainedobyputing the principal
eigenvector, normalized to become the vector of priorities. Thesthamweights for the
factors within each level. To obtain an overall weight for esadicriterion, the weight of
an individual subcriterion is multiplied by the weight of its@gated criterion in the
level above it.

AHP was chosen to quantity the AM indicators because of itskwelvn and
widespread application as well as its relative ease of use. The chobedohegy should
be able to take the subjective opinions of AM experts and convertititemquantifiable
numbers that weigh the importance of the AM indicators. For this peirgdsP is an

excellent method that can fulfill these requirements.

4.3 Application of the Analytic Hierarchy Process:

The most effective way to apply AHP to a broad number of gaahts was
through the use of a questionnaire survey. This survey allowed gbarch team to
collect the opinions of AM experts concerning the relative impodaof the AM
indicators. It permitted AM experts to assess the AM indicaamis converted their

opinions into quantifiable weights.
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4.3.1 Survey Design:

A questionnaire survey was developed to assess the importancehoflglac
indicator. This survey can be found in Appendix A. The first section ofsthreey
consists of the definitions of the AM indicators, as defined byr#éisearch team. These
indicators represent the components necessary to successfullyngnplan ideal AM
system at a State DOT. The word “ideal” is stressed aktieres throughout the survey
so that the respondents will be aware that they are not evalgatmgonents necessary
for their particular DOT, but what is necessary for an idestesy. These definitions
were needed so that all respondents would assess the AM indicase on common
definitions.

The second section of the survey explains the methodology thsg¢dsto assess
the AM indicators. This method is an application of AHP. AHP workscimparing
indicators two at a time. In order to do this, a numerical ssaleeded to designate the
dominance of one indicator over another. Saaty (1980) developed suche ahstal
consists of numbers 1, 3, 5, 7, 9 in which 1 represents equal importanceegmesgnts
extreme importance over another indicator. This scale is shownbie #dl. There are
also reciprocal values in this scale. If indicatdras one of the numbers assigned to it
when compared with indicatgy thenj has the reciprocal value when compared with
(Saaty and Vargas 2001). A very similar table, slightly modifeecompliment the needs
of the survey, is present in the second section. To ensure thatgbadests will apply
the pairwise comparisons in the correct order, an example of hoapply these

comparisons is given at the bottom of the second section.
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Table 4.1: The Fundamental Scale (Saaty and Vargas 2001)

Intensity of Importance

Definition

Explanation

1

Equal Importance

Two activities contribute
equally to the objective

Moderate Importance

Experience and judgment
slightly favor one activity
over another

Strong Importance

Experience and judgment
strongly favor one activity
over another

Very Strong or
demonstrated importance

An activity is favored very

strongly over another; its

dominance demonstrated
practice

Extreme Importance

The evidence favoring ong

activity over another is of
the highest possible order

n

affirmation

The third section of the survey consists of applying AHP to comiperdive

major indicators. This is done through a series of pairwise coropari; order to

determine which indicator is the most important when implementing an ideal stehsy

The five major indicators are:

e Asset Management Culture

e Quality Information & Analysis

e Policy Goals & Objectives

e Planning & Programming

e Program Delivery

The fourth section is similar to the third except that it cés§ comparing the

sub-indicators through a series of pairwise comparisons. Each seb-indicators falls
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beneath one of the five major indicators. The sub-indicators aed#l listneath their

associated major indicator:
e Asset Management Culture
o0 Asset Management Champions
o Perception of Asset Management
o Effective Communication
o0 State Legislative Mandate
e Quality Information & Analysis
0 Asset Inventory
o Common Referencing System
0 Up-to-Date Condition Data
o Data Management & Analysis
e Policy Goals & Objectives
o Policy Goals & Objectives
o Performance Measures & Targets
e Planning & Programming
0 Resource Allocation
o Decisions Based on Condition Data
e Program Delivery
o Program Delivery
The fifth section of the survey collects general information aboutesigondent.
This provides the research team with the respondent’s name, tratispatgency, years

of experience in transportation as well as AM, and the respondenitoptisle. This
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information allows the research team to validate the responaratiiility based on the
transportation agency for which they are employed as well asuimber of years of

experience in the transportation industry.

4.3.2 Survey Participants:

It was determined that, in order to have meaningful resultandom survey
would not meet the needs for this research. The purpose of the ssirt@ycollect
opinions of AM experts. In using a random survey, some of the cadletata would
inevitably be from DOT officials that are not well-versed irakcAM systems. Every
State DOT is at a different stage of implementing AM, wkidene have not begun to
implement AM at all. Information collected from DOT officidlgat are not familiar with
AM principles would yield less meaningful data and contribute to a hloatewould not
be very useful. Based on this, it was determined that a selective survey would.be use

Potential survey respondents were selected from State @iTare known to be
leaders in AM. As previously mentioned, each state that is ingrieng AM is at a
different stage of development. Some are very advanced whereas atierjust
beginning the AM process. The major source of identifying Dth&sare leaders in AM
came from the literature review. This included case studies egehtr research that
referenced DOTSs that are making advances in AM. Severalsatbees were identified
by recommendations from peer agencies. Also, several surveys segre to
representatives from the Office of Asset Management at FHWAall, twenty-six
surveys were sent to AM officials at fifteen different tygorsation agencies. Fourteen of

these were State DOTs and one was the Office of Asset Miareag at FHWA. Each of
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these surveys was sent by email and regular mail to the pbtezsgpondent. Of the
twenty-six surveys that were mailed, sixteen were compladdeturned. This yielded a
response rate of 16/26 or 61.5%. The sixteen returned surveys represemteen
different transportation agencies (thirteen DOTs and FHWA)e TBgencies that
participated in the survey were: Florida DOT, Louisiana DOTD,yMad DOT,
Minnesota DOT, New York State DOT, North Carolina DOT, OhioTDOregon DOT,
Pennsylvania DOT, Utah DOT, Virginia DOT, Vermont DOT, Washingt@ateSDOT,
and FHWA Office of Asset Management. These agencies are showmap in Figure

4.1.

Figure 4.1: Indicator Ranking Survey Participants
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The number of years of experience in the transportation industong the
survey respondents was fairly high. The collective amount of experigas 339 years
among 16 professionals which resulted in an average amount of expefi@ic2 years
per person. There was only one respondent who had less than 10fyegoerience in
the transportation industry. The average amount of AM experiemeend the
respondents was 6.8 years. This number is much lower than the owarsfidtation
experience, but this is easily explained due to the fact thatpAdgrams (as they are

known today) have only been around for approximately ten years.

4.4 Survey Results:

Each completed survey generated five reciprocal matricesewbases were
composed from the responses of that participant. Of the five matriceswhgione 5 x 5
matrix, two 4 x 4s, and two 2 x 2 matrices. For each matrienegues and eigenvectors
are calculated. An eigenvector for each indicator within angmatrix is calculated and
these values are normalized to create weights for each mdi¢&wever, calculating
eigenvalues and eigenvectors is only the first step in the procdfshas a method to

measure consistency of the responses within a matrix.

4.4.1 Consistency Ratios:

The consistency ratio (C.R.) is a measure of how consistent rax nsatvithin
AHP. The C.R. for each matrix is found by first calculating thiesestency index (C.1.).
This is represented by C.I. Aax— n) / (n — 1) whereAnax is equal to the largest

eigenvalue and is equal to the order of the matrix. The C.R. is then calculatédking
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the C.I. and dividing it by the corresponding value from the randonx itadide based on
the order of the matrix. Shown in Table 4.2, Saaty (1980) provideslamamdex table
that contains the order or the matrix (first row) and the randonx valee (second row).
The threshold value that indicates acceptable consistency is. &qu& to 0.10. If the
C.R. is above this threshold, it must be reduced. There are smethalds available to
improve the consistency of the matrix.

Table 4.2: Random Index Table (Saaty 1980)

1 2 3 4 5 6 7 8 9 10 |11 |12 |13 |14 |15

0.00| 0.00| 0.58| 0.90| 1.12| 1.24 1.32| 1.41| 145 1.49| 1.51| 1.48| 1.56| 1.57| 1.59

For each completed survey for this research, the C.R. for mathx was
calculated except for the 2 x 2 matrices, whose random index vadgaabkto 0.00. After
calculating the C.R.s for all sixteen surveys, it was fountidhly two surveys met the
threshold limit of C.R. = 0.10 for all of the matrices. Even thoughyn@iR.s were not
very far above 0.10, they still required improved consistency.

The best method of improving consistency is by allowing the respandent
revise their judgments. This requires the respondents to makeseiaus effort to apply
their comparisons in a more consistent manner. While this is tbie rbethod of
improving consistency, it is also one of the most difficult to apMigen AHP is applied
through the use of a survey, as it was in this case, it is diffigult to ask the
respondents to revise their judgments. Each AM expert would molst tikehave time
to re-examine a tedious survey to try to identify inconsistenitiesheir original
judgments. Based on this argument, another acceptable method of judgreeistah

was employed.
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This research used a method that Saaty (1980) suggests to improigéenops
which revises the original judgments in an “artificial” manr@onsider the 3 x 3 matrix
given in Figure 4.2. The first step to revise a matrix iotanfa matrix of priority ratios
wi/w; (Figure 4.3) and consider the matrix of absolute differenags- [\wi/wi)|] (Figure
4.4). The row with the largest sum should be selected and all &;tmethe row in
question should be replaced with thiéw; values for that row. Once this is completed, a
new C.R. is calculated. If the C.R. is still greater than 0.10,ptlusedure is repeated
with the new matrix. Repetition of this process has been notedpt@wen consistency,
however, Saaty (1980) cautions against excessive use of this protasmgfthe values

of judgments to improve consistency.

a1 3o A3 | Wy
By &y B3 || Wy
31 %p A3 | W3

Figure 4.2: 3 x 3 matrix

w, W, W

111
1 Wy W3
_2 2 2
1 Wy W3
3 8383
Wy Wy Wy

Figure 4.3: Priority Ratios
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Figure 4.4: Matrix of Absolute Differences

This procedure was carried out for all of the matrices thétndt meet the
required C.R. = 0.10. Out of the forty-eight matrices, (3 matricegach survey, 16
surveys) twenty-eight required revisions in order to improve consistd wenty-two of
these matrices that required improvement only needed one iteratiesute the C.R. to
0.10 or less. Six matrices required two iterations. There name that required more
than two iterations to improve the C.R. to the acceptable level. The revised C gastor
matrix along with the number of iterations to achieve the adoleptavel are shown in

Table 4.3.

4.4.2 Synthesis of the Data:

Once each of the matrices has an acceptable C.R., the waigiatsh one can be
included in the synthesis procedure to create a composite weigkhdbrindicator. To
synthesize their results from a questionnaire that used AHPdZa Chang (2002)
calculated the average weight and standard deviation for eachifatteir model. This
procedure was used for this research to create the compogtesvieir each indicator

that was evaluated in the survey. The average weight and stangeiiodefor each of
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the five major indicators and each of the thirteen sub-indicatosscadaulated. These
results are summarized in Table 4.4 and 4.5 and shown graphicale§i4.5 and 4.6.
Total weights for sub-indicators are obtained by multiplying weeght of each sub-
indicator by the weight of its associated major indicator. Thithe final objective of
using AHP as a tool to assign weights to the indicators. Thewetghts will be directly
used in the AM Assessment Model because they represent the relative mogoiftaach

sub-indicator. The total weights are summarized in Table 4.6 and shown in Figure 4.7.

Table 4.3: Revised Confidence Ratios

Matrices
Transportation Agency Major Asset Management | Quality Information
Indicators Culture & Analysis
Florida DOT 0.065 0.089 0.097
FHWA 0.027 0.015 0.057
Louisiana DOTD 0.052 0.043 0.042
Maryland DOT 0.037 0.096 0.026
Minnesota DOT 0.089 0.019 0.090
North Carolina DOT 0.067 0.043 0.047
New York State DOT 0.058 0.057 0.000
Ohio DOT 0.024 0.050 0.016
Oregon DOT 0.035 0.069 0.043
Pennsylvania DOT 0.054 0.015 0.057
Utah DOT 0.045 0.012 0.043
Utah DOT 0.039 0.043 0.000
Utah DOT 0.067 0.039 0.084
Vermont DOT 0.024 0.057 0.043
Virginia DOT 0.097 0.059 0.045
Washington State DOT 0.009 0.000 0.000
1 Iteration
2 lterations
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Table 4.4 Major AM Indicator Weights

_ . Lower Limit Upper Limit
Major Indicators (-Std Dev) Mean (+Std Dev)
Asset Managemen 0.067 0.195 0.322

Culture
Quality Inforr_naﬂon 0.149 0.265 0.381
& Analysis
Pollcy Gpals & 0.165 0.300 0.435
Objectives
Programming
Program Delivery 0.012 0.118 0.224
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Table 4.5: AM Sub-Indicator Weights

Maior L ower Upper
Indiijators Sub-Indicators Limit Mean Limit
(-Std Dev) (+Std Dev)
RESELMEMETETET| g gen 0.272 0.449
Champions
Perception of Asset
Asset Management 0.092 0.216 0.339
Management Effective
Culture L 0.120 0.303 0.487
Communication
State Legislative | 5514 | 0.200 0.431
Mandate
Assetlnventory | =g 155 0.311 0.455
: Common
Quall'ty Referencing Systen 0.131 0.296 0.461
Information & Up-to-Date
Analysis Condition Data 0.092 0.204 0.316
DEE EELEMELE | ¢ oy 0.190 0.315
Analysis
Policy Goals &
Policy Goals & Objectives 0319 0570 0.821
Objectives Performance 0.179 0.430 0.681
Measures & Targets
_ Resource Allocatior 0.116 0.343 0.569
Planning &
Programming DeC|S|o_n_s Based or 0.431 0.657 0.884
Condition Data
Program Program Delivery 1.000 1.000 1.000
Delivery
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Table 4.6: Total Weights for AM Sub-Indicators

Major Indicators Sub-Indicators Total Weight
Asset Manggemen 0.053
Champions
Perception of Asse 0.042
Asset Managemen Management '
Culture Effectl_ve _ 0.059
Communication
State Legislative
Mandate AL
Asset Inventory 0.082
Common 0.078
Quiality Information| Referencing Systen '
& Analysis Up-to-Date
Condition Data e
Data Management|
& Analysis O
Policy Goals &
Policy Goals & Objectives L
Objectives Performance 0.129
Measures & Target '
_ Resource Allocatior] 0.042
Planning &
Programming Decisions Based ot 0.081
Condition Data '
Program Delivery 0.118

Program Delivery
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Weights

Sub-Indicators

Figure 4.7: Total Sub-Indicator Weights

4.4.3 Interpretation of Results:

It should first be noted that the standard deviations for the majaratods and
sub-indicators are very large. Figures 4.8-4.12 illustrate thdescior the major
indicators and Figures 4.13-4.24 for the sub-indicators. The standartiateviues are
discussed in further detail in the Discussions section of this chapter.

It is fairly clear that Policy Goals & Objectives iBet most important major
indicator. It has an average weight of 30 percent and wasrchgs&M experts to be the
most important indicator in 11 of 16 surveys. It is also clear Bdicy Goals &
Objectives, Quality Information & Analysis, and Asset Managen@iriture are the top
three major indicators. In 15 of 16 surveys, the respondent selected tivesefthree
indicators in their own top three indicators. The gap between Asssigement Culture

(the third highest indicator) and Planning & Programming (the fourtieligndicator) is
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7.2 percentage points, which is the largest gap between any two neighibdicators in
the rank order. Figure 4.5 plainly shows that these three top toidaave separated
themselves from the other two. This finding is especially sogmt for Asset
Management Culture. Each of the other major indicators has anceartaount of
familiarity and name recognition because of their prominence im éiestudies. Until
now, Asset Management Culture has never been formally recogag&zed necessary
component to an AM system. The fact that it has clearly belested as one of the top
three indicators is a significant and exciting finding for this research.

Other notable observations include Policy Goals & Objectives aruisiDes
Based on Condition Data being ranked highly as sub-indicators. Beksatesttvo, the
other sub-indicator groups are rather evenly distributed. This veeslch to indicate that
these sub-indicators are of near equal importance.

Once the total weights for the sub-indicators were obtained,yPGaals &
Objectives and Performance Measures & Targets were showa tttelmost important
(Figure 4.7). This is reasonable when considering that tksocaated major indicator
(Policy Goal & Objectives) is the most highly ranked. Prograghvery is ranked as the
third highest, but the total weights for the rest of the sub-inaieare within close range

of each other.
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Figure 4.8: Asset Management Culture
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Figure 4.9: Quality Information & Analysis
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Figure 4.10: Policy Goals & Objectives
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Figure 4.11: Planning & Programming
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Figure 4.12: Program Delivery
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Figure 4.13: Asset Management Champions
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Figure 4.14: Perception of Asset Management
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Figure 4.15: Effective Communication
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Figure 4.16: State Legislative Mandate
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Figure 4.17: Asset Inventory
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Figure 4.18: Common Referencing System
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Figure 4.19: Up-to-Date Condition Data
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Figure 4.20: Data Management & Analysis
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Figure 4.21: Policy Goals & Objectives (Sub-Indicator)
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Figure 4.22: Performance Measures & Targets
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Figure 4.23: Resource Allocation
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Figure 4.24: Decisions Based on Condition Data

4.4.4 Discussions:

It is clear that the standard deviations for the major indicatogssub-indicators
are very large. These deviations indicate that the datattered which may demonstrate
that the AM experts who participated in the survey do not agree alhich indicators
are the most critical when implementing an ideal AM systdowever, this conclusion
cannot necessarily be drawn because of imperfections in thehatpiP was applied
by using a survey.

A perfect scenario for applying AHP through the use of a surveydaoeilto
conduct the survey in person with each participant. This would aHewvparticipant to
completely understand the meaning of Saaty’s Fundamental (Sedlle 4.1) as well as
how to accurately apply it for each comparison. However, this waabt®to take place

because of time and budgetary constraints. As a result, the ssemeyia email and
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regular mail to allow a wide distribution and a quick response tifmen though the
survey contains instructions about the Fundamental Scale and how to bpply t
comparisons, the research team acknowledges that mistakes in butseofireas could
have easily taken place. Either AHP was not fully understood dukatik af time spent
reviewing the survey or the comparisons were applied incorreatlpné case it was
found that the comparisons had been applied backwards. For this eea®,corrected,
but it would have been nearly impossible to detect this type of error for each survey.
On the surface, it appears that large standard deviations in fbe inthcators
and sub-indicators would discredit any meaningful conclusion. Howeverypkes bf
possible errors, as described earlier, could have easilyteafféwe results of the survey
and caused these deviations. Even with large standard deviationsdaeheteam still

believes that valuable conclusions can be extracted.
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CHAPTER V

ASSET MANAGEMENT ASSESSMENT MODEL

5.1 Introduction:

The Asset Management Assessment Model for State DOTessegis the primary
deliverable of this study. The purpose of identifying the AM indiccaand assigning
their weights was to create an assessment tool to more t@tgureeasure the level of
AM implementation within a State DOT. This AM Assessmentd®loserves two
purposes: (1) to be used as a diagnostic tool so that State DQTidenafy their own
strengths and weaknesses within AM; and (2) to serve as ahefibhmark so that peer

agencies may compare their results.

5.2 AM Assessment Model Design:

The AM Assessment Model used for validation can be found in Appendix B
was determined that this model should be filled out by AM officsathin a given DOT
and therefore the model appears in a survey format. This surgegtaned in Microsoft
Excel which allows for information to be entered electronicafigtant calculation of
results, and ease of distribution.

The model allows for the participant to enter their namaspartation agency,
years of experience, and position/title. Below this section resteuctions that explain

how the model should be addressed. Special attention is given to makehsur
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participant understands that the model should represent an evaluatibereftieir DOT
currently stands with respect to AM. Many DOTs understand andaaméiar with at
least some AM principles and agree that those principles grertamt, but are not
currently implementing those principles. This model intends to caphér current state
of AM implementation as well as serve as an evaluation of the entire higlggtayns not
individual management systems. This concept is imperative to comrmuricahe
participant as they evaluate their own agency.

In the assessment model, each major indicator is listed withsgociated sub-
indicators shown beneath. For each sub-indicator, there are betweeandnive
statements that must be evaluated. Each statement reprebentshenark level of AM
implementation that was identified in conjunction with the AM indicat The
participant is to evaluate each statement on behalf of their @@T1choose whether they
agree or disagree with the statement, to a varying degreq (adifkert scale). Each
response has a score associated with it. They are given aStrongly Disagree, 2 =
Disagree, 3 = Neutral, 4 = Agree, 5 = Strongly Agree. A “Donib¥W” option is also
included as one of the responses. This response receives a stBrenefning that no
knowledge about the subject is the least valuable in this assgssmeesponse of
“Strongly Agree” will yield a score of “5,” which is the higétgpossible score. The same
scoring system was used by Ruikar (2005) as a way to measomsteuction company’s
e-readiness. His model was also implemented in a questionnaire-survey format

For each set of statements that fall beneath a given sub-indeataverage score
is calculated. This average score is multiplied by the givem sato-indicator’s weight to

obtain a sub-score. This sub-score is then divided by the maximwiblpascore for that
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given sub-indicator which yields a percentage or grade for dacbbtain the grade for
each major indicator, the sub-scores for each sub-indictor atedand divided by the
maximum amount of points available within that major indicator. limaar fashion, an

overall grade is calculated. A 100 percent in any of the subtangdior major indicators
would signify a perfect score in that area of AM. This meansagency is at the
benchmark level of AM implementation for that given indicator.

In the Excel file that contains the assessment model, theréoar additional
worksheets which display the results. The first worksheet isleehtiResults’ which
shows the overall grade, major indicator grades, and sub-indicatos @gagercentages.
A graph representing the grades of each of the major indicatalsoishown. The next
worksheet, entitled ‘Score Breakdown’ offers a more detailed gfetive grades. On this
sheet, the response for each statement can be seen astivelbasrage score and grade
for each sub-indicator. The next two worksheets deal with gap &nalybkich is

discussed in Section 5.4.

5.3 Validation:

Once the AM Assessment Model was developed, it was testédeoDOTSs in
order to validate the model’s effectiveness. The model would be desffeetve if it
returned grades that were in line with what could be expectedD®©iirs at known AM
implementation levels. While it is currently not possible to knowetkexct level of AM
implementation at a given DOT, it is known that certain DOTsleaders in this area,

others are in the initial stages, and some have not started any AM impleamentati
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Five DOTs were chosen to test and validate the assessmerit fifoeée broad
AM implementation levels were chosen (high, medium, low) and ®@dm each of
these three levels were selected. The “high” designation seamge DOTs that are
advanced in AM and have been practicing AM principles for a numbgeaf. The
“‘medium” level represents DOTs that are familiar with Apfactices and are
implementing some of these practices, but still have room fortgramd improvement.
They understand what needs to be done, but do not currently have the wapabili
perform all of these tasks. The “low” level represents DOTa tmave a limited
understanding of AM principles and are currently doing veryelittk nothing to
implement these practices. The five DOTs that were chosen are shown as@miyut
are represented by the given names and predetermined implemergagilsnin Table
5.1. The purpose of this validation procedure was to determine if the #dds8ment
Model would return grades for each of these DOTs that were vitikipredetermined
range. It would be expected that DOTs #1 and #2 would have highe@sgtath DOTs

#3 and #4, all of which should be higher than DOT #5.

Table 5.1: State DOTs Used for Validation

Predeter mined AM I mplementation State DOT
L evel
DOT #1
High DOT #2
DOT #3
Medium DOT #4
Low DOT #5
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Each of the five DOTs that were selected for this validatest tvas first
contacted and an AM representative within the agency was i@entifhat person was
informed about the study and then emailed a copy of the AM Assesdodel. The
copy of the model that was sent to the participants did not includefahe results or
gap analysis worksheets. This was an attempt to make the nscalgkative as possible.
Without these worksheets, the participants could not check their sndréhen revise
their answers in order to obtain a higher score. However, onecedtiel was completed,

the participants had the choice to request a copy of their results.

5.3.1 Overall Analysis of the Validation Test:

The results of the validation test matched the predeterminedidmentation
level for each DOT. While this predetermined AM implementatiorellevas only a
subjective value based on prior knowledge about the given agency’s Alilcesait at
least provided a starting point from which to compare the resuits fthe AM
Assessment Model. The purpose of the model is to quantify thd tdveAM
implementation within a State DOT. The results from the vabdatest, shown in Table
5.2, reveal the AM assessment grades for each DOT. These graateb the
predetermined AM implementation level for each agency. DOTs #1 and #2arnlg the
two highest scores, followed by DOTs #3 and #4, with DOT #5 havingwest grade.
This is also represented in Figure 5.1. Based on the overall AMsasset grades, the
DOTs scored within their expected ranges. However, a moreedetmalysis of the
major indicators and sub-indicators is necessary to discover haepi2OTs separated

themselves from the others.
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Table 5.2: Overall Validation Results

Predeter mined AM
State DOT AM Assessment Grade
Implementation L evel
DOT #1 85.6%
High
DOT #2 78.1%
DOT #3 65.6%
Medium
DOT #4 61.7%
Low DOT #5 51.4%
90.0% -
80.0% -
ﬁ 70.0% - €1.7%
E 60.0% - 21.£%
w 0f
: Sn.ﬂ:a
E 40.0% -
2 30.0% -
= o
- 20.0%
10.0% -
yd
0.0% T T T T {
DOT#1 DOT#2 DOT 43 COT#4 DOT#5
State DOTs

Figure 5.1: Overall Validation Results

5.3.2 Major Indicator Analysis:
It is evident that the top two DOTs (DOTs #1 and #2) have segddtamselves

from the other three. Table 5.3 shows the major indicator scoreadbrad the DOTs
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and Figures 5.2-5.6 graphically represents these results. TheadpQWs scored at least
70 percent in a combined 9 out of 10 major indicators. Of those 9, g@désnajor
indicators were 80 percent or higher. Conversely, the three remaining D&¥&d above
70 percent in only 2 of 15 combined major indicators among those agencieanisw
the two most heavily-weighted indicators (Policy Goals & Obyesti Quality
Information & Analysis) the top two DOTs scored at least 74.9 percent or higher
When examining the AM Culture grades, it is evident that DOT #laHasver
grade compared to its other major indicators. This is because#2@hswered “Don’t
Know” on both statements concerning AM Champions, thereby lowering &idi
Culture grade. The AM representative at DOT #1 informed therasezam that the top
leadership had recently changed and therefore he was notncaliaut the new
leadership’s perspective on AM. This was an honest assessnibetadpartment at the
time of the validation test. However, had the validation test beamn gieveral months

later, it is likely that the AM Culture grade for DOT #1 would be much higher.

Table 5.3: Major Indicator Grades

DOT #1| DOT #2| DOT #3| DOT #4 | DOT #5

Asset Management Culture| 64.3% | 85.4% | 65.8% | 59.4% | 52.2%

Quality Information & Analysi§ 93.3% | 74.9% | 70.5% | 61.3% | 57.6%

Policy Goals & Objectives | 90.3% | 78.3% | 70.9% | 66.2% | 46.3%

Planning & Programming 96.6% | 76.6% | 59.8% | 56.6% | 60.2%

Program Delivery 80.0% | 80.0% | 46.7% | 60.0% | 40.0%
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Figure 5.5: Planning & Programming Grades
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Figure 5.6: Program Delivery Grades

5.3.3 Sub-Indicator Analysis:

Analysis of the sub-indicator grades reveals how the top two Dx@parated
themselves from the other three in the validation test. The topninge heavily-weighted
sub-indicators (1-Policy Goals & Objectives, 2-Performance Meas& Targets, 3-
Program Delivery, 4-Asset Inventory, 5-Decisions Based on Condition Datandaate
this separation. The difference between the average grade of ttveot@pOTs and the
average for the remaining three DOTs among these five sulaiadids significant. Not
only are the grades for DOTs #1 and #2 much higher in these sub-inditatiotsese
five sub-indicators represent 58.1 percent of the total weight inPAMeAssessment
Model. This is a major reason for the separation of DOTs #1 ando#®the others.
Table 5.4 shows the grades for all of the sub-indicators for each Dé&ble 5.5 and

Figure 5.7 show the gap between the top two DOTs and the remaining three D@iEs for
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top five sub-indicators. Figures 5.8-5.12 graphically represent thiegfar each DOT

among the top five sub-indicators.

Table 5.4: Sub-Indicator Grades

DOT #1| DOT #2| DOT #3| DOT #4 | DOT #5

Asset Management Championg 0.0% | 100.0%| 70.0% | 100.0%| 40.0%

Perception of Asset Managemer 80.0% | 80.0% | 80.0% | 60.0% | 60.0%

. . 100.0%| 80.0% | 70.0% | 50.0% | 80.0%
Effective Communication

State Legislative Mandate 80.0% | 80.0% | 40.0% | 20.0% | 20.0%

Asset Inventory 86.7% | 86.7% | 53.3% | 40.0% | 60.0%

Common Referencing System| 100.0%| 60.0% | 80.0% | 80.0% | 20.0%

Up-to-Date Condition Data 100.0%| 80.0% | 80.0% | 80.0% | 100.0%

0 0 0 0 0
Data Management & Analysis 86.7% | 73.3% | 73.3% | 46.7% | 66.7%

0 0 0 0 0
Policy Goals & Obijectives 95.0% | 80.0% | 70.0% | 80.0% | 45.0%

0 0 0 0 0
Performance Measures & Targe 84.0% | 76.0% | 72.0% | 48.0% | 48.0%

. 90.0% | 70.0% | 40.0% | 50.0% | 80.0%
Resource Allocation

0, 0, 0, 0, 0,
Decisions Based on Condition D& LDV SaU0M || GO0 | O | B0

80.0% | 80.0% | 46.7% | 60.0% | 40.0%

Program Delivery
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Table 5.5: Separation of the Top Two DOTs

Avg. Grade of

Avg. Grade of

Sub-indicator | Rank] O¥eal | " 5oTs #1 & | DOTs #3, #4, & Difference
Weight
#2 #5
PolicyGoals & |4 | 371 87.5% 65% 225
Objectives
Performance 0 0
Measures & Target: 2 129 80.0% oo% 240
Program Delivery 3 118 80.0% 48.9% 311
Asset Inventory 4 082 86.7% 51.1% 35.6
Decisions Based of 5 081 90.0% 60% 30.0

Condition Data
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Figure 5.7: Separation of the Top Two DOTs
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Figure 5.12: Decisions Based on Condition Data (Sub-Indicator)

5.3.4 Implementation Levels:

As a result of the validation test, three levels of AM impatation have been
identified according to what numerical grade is obtained through MeAssessment
Model. A State DOT will be recognized as having a “Higlveleof AM implementation
if it obtains a grade of 75 percent or better. A grade between 60Z4percent will
designate a DOT with a “Intermediate” level of AM implenagian and a grade below
60 percent will indicate that DOT has a “Low” level of AM iraplentation. This is

shown in Table 5.6.
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Table 5.6: AM Implementation Levels

Level of AM Implementatior] Overall AM Assessment Grade

High 75-100%
Intermediate 60-75%
Low <60%

5.4 Output of the Asset Management Assessment Model:

The AM Assessment Model provides an overall grade for a given. OQis
offers a general impression as to what level of AM implentiemtaa DOT is at. For a
more detailed breakdown of the assessment grade, the model also suppligeiseacts
major indicator and sub-indicator. With this information, a DOT casess their
performance and identify their strengths and weakness for each indicator.

In addition to this basic analysis, the model also provides gap enah
determines which indicators that have the greatest need for inpeaveThis section of
the model allows users to enter scores from a DOT to which déweycompare their
results. The model then calculates the gaps between the two fDOFach of the major
indicators and sub-indicators. The model also calculates weightedogapslitply the
weight for each indicator by is associated gap. This pdestithe major indicator and
sub-indicators according to their weighted gaps. The larger tiyhted gap, the greater
need for improvement.

For example, consider the DOTs from the validation test. AsshateDOT #5
wants to improve their AM assessment grade. They know that #I0iB one of the

leading agencies in AM and as a result, they want to benchmark#2OTmhis will allow
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DOT #5 to determine which of their indicators have the greatest floeemprovement
when compared to DOT #1. By taking the scores from DOT #1 amiplg them into
the gap analyis section of the AM Assessment Model, the model will idémeifyaps for
major indicators and sub-indicators between DOT #5 and DOT #1. The @natputhe
model that shows the major indicator gaps is represented in FidulBeAccording to the
weighted gaps, the model also prioritizes which indicators needhdlse improvement.
Figure 5.14 indicates that Policy Goals & Objectives andi@Quaformation & Analysis
are the top two major indicators that need improvement if DOT ##swa match the
AM assessment grade of DOT #1. This type of analysis allo@% B5 to determine
which areas they need to focus their resources in order to impdgvevithin their
agency. Further analysis from the model indicates that while tQuafiormation &
Analysis needs significant improvement, not all of its sub-indisatequire the same
magnitude of improvement. Figure 5.15 shows that a Common RefereBgstgm
needs significant improvement while Up-to-Date Condition Datasee improvement
when compared to DOT #1. This information may prove to be valuable to a DOT wishing
to know what specific areas they are performing well in and atteats need considerable
attention. In summary, the AM Assessment Model provides a DOT avittetailed
assessment of which areas they can focus their resources incontg@rove AM within

their agency.
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Asset Inventory _ 2.19
Data Management & Analysis - 1.00
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Figure 5.15: Weighted Gaps for Quality Information & Analysis Sub-Indicators

5.4 Discussions:

When the AM Assessment Model was sent to the five DOTs &tidation
purposes, some unexpected results were received from one of tiweagdhe other
four agency’s results came back within the expected rangeludsvaHowever, these
agencies were known to have either an advanced knowledge of AMeaisatéry good
understanding of AM principles. The agency whose results seemenf plece came
from a DOT that was expected to rank near the bottom in Aplementation. This
caused the research team to question whether or not all theppatscfully understood
each of the AM indicators and the statements that accompany thea survey as
subjective as the AM Assessment Model, it is essential tti@tparticipants fully
understand the intent of each indicator and each statement. Tdmesits are admittedly
broad in nature and the responses subjective themselves. How doesferentdife

between ‘Strongly Agree’ and ‘Agree’? The answer depends onpé#mgcipant’s
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understanding of the subject matter and their own honest evaluatibeiofgency. If
the participant does not share the view of AM that the model intenctvey, how can
their responses be meaningful?

As a result, the research team decided to perform follow-up plemems of
each of the five surveys. This allowed the survey participant ancksearcher to come
to the same understanding for what each statement from the maetteraded. After
discussing each statement line by line, any necessary chamgié®e participant’s
responses were recorded which then reflected changes in that’aggadg. Once this
process was completed for each survey, the appropriate changesagereFor DOTSs
#1-4, these changes were minor and did not dramatically impactgtiagie. However,
DOT #5 demonstrated notable changes to its grade. With ¢thasges in place, each of

the five DOTs seemed to fit within the expected range of results.

5.4.1 Improvements:

In a subjective survey, such as the AM Assessment Modelerysimportant to
reduce the room for misinterpretation as much as possible. Each Adlpfeven
though they have a good grasp of AM principles, may have a differtenpretation or
understanding of AM. This was an important lesson learned bysbarah team and one
that was evidenced by having to perform follow-up phone reviewls @ach of the
survey participants. To reduce misinterpretation, it would have bepfuhi include a
description for each type of response on the AM Assessment MBbOuaeldescription

should be specific to the statement and describe in more detdileatia response is
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intended to represent. This would provide better clarity for thecpmmt as to which
response is the most appropriate.

While discussing the AM Assessment Model with several AMciati, it was
determined that a number of the statements contained language tleatt rddficult to
accurately respond. When addressing major assets, many statkatktite word “all” in
front of it. The phrase “all major assets” indicates everglsimajor asset. It may be
very difficult to answer broad questions about every single maget.adlost AM
officials will not have detailed knowledge of all major assetthe strictest definition of
the phrase. Several survey participants agreed with this andssedgieat the word “all”
be removed. By doing this, it enables the participant to respond émstats about the
majority of major assets without feeling they are being misleading.

Changes that include adding descriptors to each responsentypenaoving the
word “all” from a number of the statements were made to theASsessment Model.
These changes are a result of the validation procedure amderpthe final version of

the model. This final version of the AM Assessment Model can be found in Appendix C.

5.4.2 Ideal Application of the AM Assessment Model:

The best scenario for implementing the AM Assessment Model gerson.
Because the model is subjective, implementing it in person aftawhe participant to
ask questions that clarify each of the statements. The participiirthen acquire the
same understanding of AM that is required to accurately adtiressodel. Due to time
and budgetary constraints, this study was not able to apply the toceth participant

in person. However, an excellent situation to apply this model woulch lze group
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setting, such as an AM conference. This would allow for each dftébements from the
model to be discussed by AM professionals so that a consensus ievéteof

understanding could be reached for each one.
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CHAPTER VI

CONCLUSION

6.1 Summary:

The purpose of this study is to develop a model that measuresviieof AM
implementation within a State DOT for a benchmarking purpose. kr dodsatisfy this
goal, several research objectives were identified and desaniligdapter 1. One of the
first major objectives was identifying the AM indicators.

AM indicators are factors that represent the most critioaiponents of an ideal
AM system. These indicators were primarily identified tigtouwo major types of
sources. The first was through an extensive literature rewvidich consisted of
examining previous research that had been done in the area of ttaispokM. This
was composed of research done at the federal level as wabastudies which reported
current AM practices at the state level. The second sourciemtifying AM indicators
came from interviewing five leading DOTs in AM. Each of thegerviews allowed the
DOT officials to disclose their AM practices and discuss wiaators they found
necessary for successful AM systems.

Weights for the AM indicators were developed based on the adgsuntpat
certain indicators are more important than others when implemeatingleal AM
system. The methodology chosen to quantify these weights was thgi@hrterarchy

Process (AHP). It was selected because of its widespreadsianpde approach to
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guantifying subjective items. The nature of this study and theiditators themselves
are very subjective. As a result, AHP qualified as good methodology to perfertagki
The function of the AM Assessment Model is twofold: 1) to meathedevel of
AM implementation within a State DOT and thereby serve amsaassment tool and 2)
serve as a benchmark so that DOTs may compare their resottet peer agencies. The
model was developed in a survey format that allows particiganthoose one of six
different responses to each one of the statements that chamtterimajor indicators
and sub-indicators. The model was tested on five DOTs of varyingnifementation
levels as a validation procedure. If the model is effectiveéhauld return scores that rank
each DOT similar to its predetermined level of AM. The resoltthe validation test
showed this to be true. The top two DOTs had scores of 85.6 and 78.1 pentEnt
were higher than the DOTs expected to be in the middle (65.6 and 6lentpevhich

were higher than the DOT expected to finish at the bottom (51.4 percent).

6.2 Findings and Contributions:

The first major contribution of this study is the identificat@mAM Culture as a
major indicator. Throughout the literature review and interview psycgsbecame
evident that AM was more than just a set of practices angtiples. It requires an
understanding that AM is the “best way of doing business.” Previogises and AM
officials both agree that AM should not be viewed simply as a negram or another
competing management system. It should be viewed as a busindg&= et connects
every department and manages the entire system as a wholeediires buy-in from

everyone within the agency as well as a change of culturec@h¢ept is not new in this
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research area; however it has never been formally includadchasessary component of
AM. Even though this indicator is subjective, this study identified matided AM
Culture as a critical AM indicator. AM Culture was validatedaacritical indicator when
it received the third highest weight of the five major indicatditsis was especially
significant considering each of the other four major indicatore \aeady well known
to AM officials (they are included in AM framework from the &frsportation Asset
Management Guide”) whereas AM Culture was not included as a framework carhpone
The second major contribution is the weighting of the AM indicatosedan
their level of importance. In previous AM studies, each AM componenbban treated
with equal weight. The Self-Assessment tool from the “Guid#iesbest example of this
(Cambridge Systematics 2002). It provides a quick diagnostic tool femcess to
determine where they stand in regards to AM practice. Howeveh, @amponent is
given equal weight when calculating one’s score. Conversely, this stéstly on the
assumption that certain AM indicators are more important than othérsn
implementing an ideal AM system. As a result, AHP was usegiantify the importance

and develop weights for the major indicators and sub-indicators.

6.3 Lessons Learned:

AHP was used to obtain weights for the AM indicators. This aesieved
through the use of a survey which required the respondents to make eairwis
comparisons and assign a level of importance of one indicator over raridibeuse of
the survey was employed because of its ease of distribution andeféadiveness.

However, the results of the survey produced large standard deviatiadhe feeights of
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each indicator. This does not necessarily mean that the susgnoents disagree about
the importance of each AM indicator due to the fact that there areors in the way that
the survey was administered. It became obvious to the reseanchthetiit was very
difficult to differentiate between ‘Strong Importance’ and ‘Y &trong Importance,’ for
example. The definition of each lies in the respondent’s interjgnetdtherefore, it was
concluded that AHP should be administered in person to obtain optiswisreThis
would allow the participant to gain a much better understandingcbftgpe of response
as well as each AM indicator. This could be done either in an individr a group
setting such as an AM conference.

The AM Assessment Model was also administered through the wseswiey.
The first time the model was evaluated by each of the five D@iEre were some errors
detected from the responses of one of the DOTs. Based on this deteamined that
some DOTs may not have the same understanding of AM that ise@daiaccurately
assess the model. Follow-up phone reviews of each of the partisipagonses were
conducted so that any discrepancies could be removed and the intemdedf
understanding of AM could be attained. As a result, it was conclutedtie AM
Assessment Model would be best administered in person. This could bandane
individual or group setting such as an AM conference.

As a result of the validation procedure, two changes to the AM Assessment Model
were deemed necessary. The first had to do with adding descrifiiorach type of
response. Each participant could easily interpret a responseyude’Adifferently than
another, for example. To reduce misinterpretation, a descripti@abbr type of response

was added. The description is specific to the statement andbdssicrimore detail what
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each response is intended to represent. This provides better clarity fortitipgrd as to
which response is the most appropriate.

The second change to the model deals with removing the word faiti the
phrase “all major assets.” Most AM officials will not have aled knowledge of all
major assets in the strictest definition of the phrase, and ¢herefay not be able to
accurately assess the statement. By removing the word ttaB,’allows participants to
accurately respond to statements about the majority of majds assigout feeling they

are being misleading.

6.4 Future Research:

Future research that could be done as a follow up to this studig weuto
improve upon the major indicators and sub-indicators. This may includangenore
indicators and providing greater detail to those that already. @tie key in doing this
would be to provide major indicators and sub-indicators which illigpoases that
separate high, medium, and low DOTs. Creating more detail withen existing
indicators may present itself in the form of asking specifiestjans about different types
of assets. This may permit a better and more detailed AM assessment.

Improving the accuracy of the AM indicator weights is anotheragor future
research. Reaching a more conclusive consensus as to which irsdi@agothe most
important for AM implementation would be an excellent contribution. Tterdene if
this is possible, a different assessment methodology may néedetcamined as well as
how this data is collected. If one or both of these potential rédseaeas are improved

upon, the ideal setting for administering an AM Assessment Modeldwsmiat an AM

98



conference. This would allow a large number of AM experts to gyaate in the

evaluation of the model as well as offer suggestions for improvement.
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Indicators for Successful Asset Management Systems in State DOTs

Dear transportation agency representative:

Oklahoma State University is working on a research project entitled “Indicators for Successful Asset
Management Systems in State DOTs.” The purpose of this research is to identify indicators that are necessary to
implement a successful Asset Management system for a State DOT. These “indicators” will then help develop
an Asset Management framework that will be used to evaluate State DOTSs in terms of their level of Asset
Management implementation.

We would like you to participate in this important survey and provide your valuable opinions in transportation
Asset Management for this research. The time to complete this survey is approximately 25 minutes. We would
like to receive the completed survey form by December 3, 2008. The completed survey form can be returned via
the following means.

Electronic Copy: Mail Copy: Dr. David Jeong, Assistant Professor
Please email to: david.jeong@okstate.edu Oklahoma State University
or Civil & Environmental Engineering Dept.
steven.cooksey@okstate.edu 207 Engineering South
Or, fax to: 405-744-7554 Stillwater, OK 74078

Before you complete this survey, please review Parts I & II on pages 2-4. These sections will enable you to
perform the necessary evaluations and help you accurately make comparisons using the given method.

Please feel free to add additional pages if you have suggestions or recommendations related to this survey form.
If you have any questions, please contact me by phone or email.

We appreciate your support in advance.

Sincerely,

Dr. David Jeong, Ph.D. Steven Cooksey

Assistant Professor Graduate Assistant

207 Engineering South 207 Engineering South

School of Civil and Environmental Engineering School of Civil and Environmental Engineering
Oklahoma State University Oklahoma State University

Stillwater, OK 74078-5033 Stillwater, OK 74078-5033

Telephone: 405-744-7073 Telephone: 405-744-4698

Fax: 405-744-7554 Fax: 405-744-7554

Email: david.jeong@okstate.edu Email: steven.cooksey@okstate.edu

104




Part I: Asset Management Indicators: :

These indicators and sub-indicators represent the components necessary to successfully implement an ideal Asset Management system
at a State DOT. There are five main Asset Management indicators that each contain a number of sub-indicators. Both indicators and
sub-indicators have been identified through a literature review of Asset Management practices as well as interviews with experienced
transportation Asset Management practitioners.

A. Asset Management Culture

C.

Asset Management (AM) is a “way of doing business.” It is not merely a new program, but a cultural change that affects
every department within the agency. This requires buy-in from everyone involved, especially those at the top of the
organization.

1. Asset Management Champions
a. Strong AM leadership is present from top management and decision-makers.
b. The director supports AM as the best “way of doing business.”

2. Perception of Asset Management
a. Staff have bought into the fact that AM is the best “way of doing business.”
b. Staff understands that AM is not another program, but in fact a change in culture.

3. Effective Communication
a. Strong vertical communication that allows staff to understand the vision of the top managers is present within
the agency.
b. Strong horizontal communication between divisions that facilitates tradeoffs between investment areas is
present within the agency.

4. State Legislative Mandate
a. There is a legislative mandate that requires some form of AM within the agency.

Quality Information and Analysis

In order for an agency to be able to implement Asset Management effectively, it must first know what assets is has,
where these assets are located, and what condition these assets are in'as well as be able to perform the necessary decision-
supporting analysis.

5. Asset Inventory
a. There is a complete and up-to-date inventory of all major assets.
b. A central relational database is used to store information for all major assets.
c. Staff can easily access all major asset information such as asset type, location, and condition.

6. Common Referencing System
a. Accurate locations for all major assets exist through the use of a common spatial referencing system.

7. Up-to-date Condition Data
a. Consistent and accurate condition data for all major assets is collected on a regular basis.

8. Data Management and Analysis
a. Asset data is managed within a formalized data management framework.
b. There is a person(s) dedicated to managing data analysis software.
¢. Past condition data is used to assist performance forecasts of assets through the use of deterioration models.

Policy Goals and Objectives
The role of Policy Goals and Objectives is to establish a clear guidance for the remaining steps in the Asset Management
framework. This drives the decision-making process of an agency and allows an agency to set priority investment areas.

9. Policy Goals and Objectives (PG&Os)
a. A priority investment area (system preservation, operations, capacity expansion) exists.
b. PG&Os guide the agency’s overall resource allocation and decision-making process.
¢. PG&Os support a long term life-cycle cost analysis approach rather than a traditional “worst first” approach.
d. PG&Os are tied directly to performance measures.
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10. Performance Measures and Targets (PM&Ts)

PM&Ts are present within the agency.

PM&Ts are used to guide project selection.

The amount of resources necessary to accomplish specified performance targets is known.

PM&Ts are adjusted according to what resources are available and what is realistically achievable by the
agency.

e. PM&Ts are adjusted to reflect customer perceptions of system performance.

oo

. Planning and Programming

Once goals and objectives along with performance measures have been established, decision-makers can now perform
tradeoff analysis and allocate resources across the network as needed.

11. Resource Allocation
a. Tradeoff analysis across all major assets is performed when making resource allocation decisions.
b. Resources can be moved across districts and assets according to need.

12. Decisions based on Condition Data
a. Resource allocation and programming is based on condition data instead of historical splits.
b. Future projects are programmed on a regular basis according to performance forecasts based on condition data.

Program Delivery
After policies and performance measures have been established, resources have been allocated, and specific projects
have been programmed, Program Delivery makes certain that agencies consider the most efficient way to deliver projects.

13. Program Delivery
a. Alternative delivery methods are regularly evaluated in order to select the most efficient and effective method (e.g.
design-build, public-private partnerships, etc.).
b. Performance contracts are regularly evaluated (performance specifications, warranties, etc.).
¢. Outsourcing options, such as maintenance and operations activities, are regularly evaluated.
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Part 1I: Comparison Method with Example:
This section explains the method that will be used to compare Asset Management indicators and sub-indicators. This method

accomplishes this goal by performing comparisons two at a time. The criteria for making these comparisons are given in Table 1 and
illustrated in Figure 1. An example of how to use this comparison system is given in Example 1.

Table 1
Notation Definition Explanation
P The evidence indicating one activity below another is of the

A Extreme inferiority highest possible order of affirmation

B Very strong or demonstrated inferiority {Xn a.ctl\.llty. 1s very strongly. lndlcat;d below another; its
inferiority is demonstrated in practice

C Strong inferiority Experience and judgment strongly indicate one activity below
another

D Moderate inferiority Experience and judgment slightly indicate one activity below
another

E Equal importance Two activities contribute equally to the objective

F Moderate importance Experience and judgment slightly favor one activity over
another

G Strong importance OE[)L;:rlence and judgment strongly favor one activity over the

H Very strong or demonstrated importance An activity is faYored very strongly over another; its dominance
is demonstrated in practice

I Extreme importance The evidence favoring one activity over another is of the highest

possible order of affirmation

-4——— Less Important

More Important ———»

Example 1: Factors to consider when buying a new vehicle.

Figure 1. Comparison Scale

1. What level of importance/inferiority do the following factors exhibit when compared to:
Make of the Vehicle?

Let’s say that you feel that Gas Mileage is strongly more important than the Make of the Vehicle, but the Color of the Vehicle is very
strongly less important than the Make of the Vehicle. Your answer will be as below:

Less important Equal More Important
Gas Mileage [JA B [Jc b e OF X6 OH
Color of the Vehicle OA KB Oc Op e OF Oc OH [t




Part IT1: Compare Asset Management Indicators:

The purpose of this section is to determine which Asset Management (AM) Indicators are more important in successfully

implementing an AM system at a State DOT. It is understood that all of the below AM Indicators are very important for successful
Asset Management. However, what AM indicators are the most critical for implementing an ideal Asset Management system for a
State DOT that is not familiar with Asset Management practices?

Asset Management Indicators:

Please answer the following questions in order to compare the importance of the AM indicators listed below.

e  Asset Management Culture

e Quality Information & Analysis
¢ Policy Goals & Objectives

e Planning & Programming

e Program Delivery

1. What level of importance/inferiority do the following indicators exhibit when compared to:

Asset Management Culture?

Less important Equal More Important
Quality Information & Analysis Oa OB Oc Op e OF Oc OH [t
Policy Goals & Objectives 0Oa OB Oc Op e OrF O OH 1
Planning & Programming Oa OB c Op e OF Oc O [
Program Delivery JA B [(c b e OF O = [
2. What level of importance/inferiority do the following indicators exhibit when compared to:
Quality Information & Analysis?
Less important Equal More Important
Policy Goals & Objectives JA OB Oc b [JE OF Oc OH [
Planning & Programming Oa [Os Oc Oo e OF Oc (OH [
Program Delivery [JA OB Oc o CJE OF Oc OH [
3. What level of importance/inferiority do the following indicators exhibit when compared to:
Policy Goals & Objectives?
Less important Equal More Important
Planning & Programming A Os Oc o ()3 Or O OH [
Program Delivery A O8 Oc Op [IE OF Oc 8 [
4. What level of importance/inferiority does the following indicator exhibit when compared to:
Planning & Programming?
Less important Equal More Important
Program Delivery OJA OB Oc b e OFr Oc OH
5
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Part IV: Compare Asset Management Sub-Indicators:
The purpose of this section is to determine which AM sub-indicators are more important in successfully implementing an AM system

at a State DOT. This section will compare the AM sub-indicators. The sub-indicators are listed below their associated main indicator.

A. Asset Management Culture

Please answer the following questions in order to compare the importance of the AM sub-indicators listed below.

e  Asset Management Champions

e Perception of Asset Management
e  Effective Communication

o  State Legislative Mandate

1. What level of importance/inferiority do the following sub-indicators exhibit when compared to:

Asset Management Champions?

Less important Equal More Important
Perception of Asset Management 0JA Os Oc Op ()2 OF O H
Effective Communication JA 1B [c b e [JF OJc OH [t
State Legislative Mandate 0OA OB Oc Op ) OrF O OH [
2. What level of importance/inferiority do the following sub-indicators exhibit when compared to:
Perception of Asset Management?
Less important Equal More Important
Effective Communication A OB Oc Op E OF O OH [h
State Legislative Mandate Oa OB Oc Op JE OF O OH 1
3. What level of importance/inferiority does the following sub-indicator exhibit when compared to:
Effective Communication?
Less important Equal More Important
State Legislative Mandate Oa OB Oc b e OF Oc OH h

B. Quality Information & Analysis

Please answer the following questions in order to compare the importance of the AM sub-indicators listed below.

e Asset Inventory

¢ Common Referencing System
e Up-to-Date Condition Data

o Data Management & Analysis

1. What level of importance/inferiority do the following sub-indicators exhibit when compared to:

Asset Inventory?

Less important Equal More Important
Common Referencing System Oa (OB Cc b )2 OOF Oc OH [
Up-to-Date Condition Data Oa OB Oc Ob e OFOcOHh
Data Management & Analysis " da OB Oc Op JE OJF Oc OH [

2. What level of importance/inferiority do the following sub-indicators exhibit when compared to:

Common Referencing System?

Less important Equal More Important
Up-to-Date Condition Data Oa OB Oc [p e OF Oc OH [
Data Management & Analysis [JA OB (Oc o e [F (G [OH [

3. What level of importance/inferiority does the following sub-indicator exhibit when compared to:

Up-to-Date Condition Data?

Less important Equal More Important
Data Management & Analysis Oa s Oc Op e OF Oc OH
6
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C. Policy Goals & Objectives
Please answer the following questions in order to compare the importance of the AM sub-indicators listed below.
e Policy Goals & Objectives
e Performance Measures & Targets
1. What level of importance/inferiority does the following sub-indicator exhibit when compared to:
Policy Goals & Objectives?
Less important Equal More Important
Performance Measures & Targets A OB Oc Op Oe OF Oc OH [
D. Planning & Programming
Please answer the following questions in order to compare the importance of the AM sub-indicators listed below.
e Resource Allocation
e Decisions Based on Condition Data
1. What level of importance/inferiority does the following sub-indicator exhibit when compared to:
Resource Allocation?
Less important Equal More Important
Decisions Based on Condition Data [Oa OB Oc Ob CJE OF O (H [

Part V: General Information

NPA LN

Please provide your name:
Please provide the transportation agency for which you are employed:
How many years of experience do you have in the transportation industry?

How many years of experience do you have with Asset Management in the transportation industry?

What is your position/title within the transportation agency?
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APPENDIX B: ASSET MANAGEMENT ASSESSMENT MODEL, VALIDATION
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Asset Management Assessment Model for State DOTs

Name:

Transportation Agency:
Years of Experience:
Position/Title

Instructions:

Please address each of the following statements concerning your DOT and select whether you:

0 - Don't Know, 1 - Strongly Disagree, 2 - Disagree, 3 - Neutral, 4 - Agree, 5 - Strongly Agree with the statement. Click on
the box adjacent to the question and select your response from the drop-down list. Your results from this assessment can be
found on the Results' and 'Score Breakdown' worksheets.

Important: 1. This is an evaluation of where your DOT currently stands with respect to Asset Management, not what
your agency hopes to do or has planned in the future. 2. This is an evaluation of the entire highway system including

pavements, bridges. transportation assets. etc., not_individual management systems.

A. Asset Management Culture
Asset Management Champions Select your answer:

1. {Strong AM leadership is present from the top management and decision makers.

2. |The director supports AM as the best "way of doing business."

Perception of Asset Management

3. [Staff have bought into the fact that AM is the best "way of doing business."

4. |Staff understands that AM is not another program, but in fact a change in culture.

leal

ffective Communication

5. |Strong vertical communication that allows staff to understand the vision of the top managers
is present within the agency.

b

Strong horizontal communcation between divisions that facilitates tradeoffs between
investment areas is present within the agency.

State Legislative Mandate

7. rﬁere is a legislative mandate that requires some form of AM within the agency.

B. Quality Information & Analysis
Asset Inventory

8. |There is a complete and up-to-date inventory of all major assets.

9. |A central relational database is used to store information for all major assets.

10. | Staff can easily access all major asset information such as asset type, location, and condition.

Common Referencing System

11.|Accurate locations for all major assets exist through the use of a common spatial referencing
system.

Up-to-date Condition Data

12. |Consistent and accurate condition data for all major assets is collected on a regular basis.
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Dat
13.

a Management & Analysis

Asset data is managed within a formalized data management framework.

14,

There is a person(s) dedicated to managing data analysis software.

15.

Past condition data is used to assist performance forecasts of assets through the use of
deterioration models.

. Policy Goals & Objectives (PG&Os)
Policy Goals & Objectives

16.

A priority investment area (system preservation, operations, capacity expansion) exists.

17.

PG&Os guide the agency's overall resource allocation and decision-making process.

18.

PG&Os support a long term life-cycle cost analysis approach rather than a traditional "worst
first" approach.

19.

PG&Os are tied directly to performance measures.

Performance Measures & Targets (PM&Ts)

20.

PM&Ts are present within the agency.

21.

PM&Ts are used to guide project selection.

22.

The amount of resources necessary to accomplish specified performance targets is known.

23.

PM&Ts are adjusted according to what resources are available and what is realistically
achievable by the agency.

24,

PM&Ts are adjusted to reflect customer perceptions of system performance.

. Planning & Programming

Resource Allocation

2s.

Tradeoff analysis across all major assets is performed when making resource allocation
decisions.

26.

Resources can be moved across districts and assets according to need.

Decisions Based on Condition Data

27.

28,

Resource allocation and programming is based on condition data instead of historical splits.

Future projects are programmed on a regular basis according to performance forecasts based
on condition data.

. Program Delivery
Program Delivery

29,

Alternative delivery methods are regularly evaluated in order to select the most efficient and

effective method (e.g. design-build, public-private partnerships, etc.).

30.

31

Performance contracts are reguarly evaluated (performance specifications, warranties, etc.)

Outsourcing options, such as maintenance and operations activities, are regularly evaluated.
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APPENDIX C: ASSET MANAGEMENT ASSESSMENT MODEL
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Asset Management Assessment Model for State DOT's

[Name:

Transportation Agency:

Years of Experience:
Position/Title

Instructions:
Please address each of the following statements concerning your DOT and select whether you:

0 - Don't Know, 1 - Strongly Disagree, 2 - Disagree, 3 - Neutral, 4 - Agree, 5 - Strongly Agree with the statement. Click on
Jthe box adjacent to the question and select your response from the drop-down list. Your results from this assessment can be
found on the ‘Results' and 'Score Breakdown' worksheets.

Important: 1. This is an evaluation of where your DOT currently stands with respect to Asset Management, not what
your agency hopes to do or has planned in the future. 2. This is an evaluation of the entire highway system including
pavements, bridges. transportation assets, etc., not_individual management systems,

A. Asset Management Culture
Asset Management Champions Select your answer:

1. [Strong AM leadership is present from the top management and decision makers.

2. |The director supports AM as the best "way of doing business."

Perception of Asset Management

3. |Staff have bought into the fact that AM is the best "way of doing business."

Staff understands that AM is not another program, but in fact a change in culture.

Effective Communication

5. |Strong vertical communication that allows staff to understand the vision of the top managers
is present within the agency.

6. |Strong horizontal communcation between divisions that facilitates tradeoffs between
investment areas is present within the agency.

State Legislative Mandate

7. |There is a legislative mandate that requires some form of AM within the agency.

B. Quality Information & Analysis
Asset Inventory

8. |There is a complete and up-to-date inventory of major assets.

9. |A central relational database is used to store information for major assets.

10. | Staff can easily access major asset information such as asset type, location, and condition.

Common Referencing System

11.|Accurate locations for major assets exist through the use of a common spatial referencing
system.

Up-to-date Condition Data

12.|Consistent and accurate condition data for major assets is collected on a regular basis.
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Data Management & Analysis

13. | Asset data is managed within a formalized data management framework.

14.|There is a person(s) dedicated to managing data analysis software.

15. |Past condition data is used to assist performance forecasts of assets through the use of
deterioration models.

Policy Goals & Objectives (PG&Os)

Policy Goals & Objectives

16. | A priority investment area (system preservation, operations, capacity expansion) exists.

17.{PG&Os guide the agency's overall resource allocation and decision-making process.

18.|PG&Os support a long term life-cycle cost analysis approach rather than a traditional "worst
first" approach.

19.|PG&Os are tied directly to performance measures.

Performance Measures & Targets (PM&Ts

20.|PM&Ts are present within the agency.

21.|PM&Ts are used to guide project selection.

22.|The amount of resources necessary to accomplish specified performance targets is known.

23.|PM&Ts are adjusted according to what resources are available and what is realistically
achievable by the agency.

24.|PM&Ts are adjusted to reflect customer perceptions of system performance.

. Planning & Programming

Resource Allocation

25. | Tradeoff analysis across major assets is performed when making resource allocation
decisions.

26. |Resources can be moved across districts and assets according to need.

Decisions Based on Condition Data

27. {Resource allocation and programming is based on condition data instead of historical splits.

28. |Future projects are programmed on a regular basis according to performance forecasts based
on condition data.

Program Delivery
Program Delivery

29, | Alternative delivery methods are regularly evaluated in order to select the most efficient and
effective method (e.g. design-build, public-private partnerships, etc.).

30. |Performance contracts are reguarly evaluated (performance specifications, warranties, etc.)

31. |Outsourcing options, such as maintenance and operations activities, are regularly evaluated.
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