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U.S. Transportation system (TRB 2002)

» 600,000 bridges

| »3.9 million miles of road

| { | >4.1 trillion passenger-miles/yr

: »Carries $8 trillion/yr in goods

»Demand for travel increased by 50%
between 1977-1995




Definitions

Infrastructures...

»have high fixed costs, high public investment and long economic
lives

»form the underpinnings of the nation’s defense, economy
(1980s), health and safety, and national morale (post 9-11)

National Economic Public Health National
Defense Security and Safety Morale

Telecommunications
Energy
Banking/finance
Transportation
Water
Food/agriculture
Law enforcement
Chemical
Postal/shipping

National monuments

John Moteff, Claudia Copeland, and John Fischer (2003) “Critical Infrastructures: What Makes an
Infrastructure Critical?,” Report to Congress, Congressional Research Service, The Library of Congress.




Definitions

Asset Management is...

a systematic process of maintaining,
upgrading, and operating physical assets
cost-effectively. It combines engineering
principles with sound business practices

and economic theory, and it provides
tools to facilitate a more organized, logical
approach to decision-making.

US Department of Transportation, “Asset management primer,” Office of
Asset Management, US DOT, Washington, D.C. 1999.

Asset

Management
Primer




Motivations: Societal Impact

Things that make the papers

Ehe New JJork Eimes Ehe New JJork Eimes

Design Shortcomings Seen Bridge CDlhpse in Minneapolis Kills at Least 7
in New Orleans Flood Walls

By CHEISTOPHER DREW
and ANDEEFW C. RFVEIN
Publizhed: September 21, 2005
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ugust 15, 2003

THE BLACKOUT OF 2003: The Overview; POWER
SURGE BLACKS OUT NORTHEAST, HITTING CITIES
IN 8 STATES AND CANADA; MIDDAY SHUTDOWNS
DISRUPT MILLIONS



Motivations: Societal Impact

Things that don’t make the papers

Transportation Safety

ANNUAL REPORT
to Congre

e 43,443 people died in highway crashes in 2005
e Fatality rate increased in 2005 for the first time since 1986.

e Each roadway fatality costs approximately $977,000 or $231

billion a year, or $820 for every person living in the United
States.

NTSB Annual Report to Congress (2006)

C on ge St i on - 2006 ANNUAL I:.E.P 'un‘r

w TRANSPORTATION
I/ | SAFETY BOARD

THE SECRETARY OF TRANSPORTATION

WASHINGTON, D.C. 20590

Congestion is one of the single largest threats to our economic prosperity and way of
life. Whether it takes the form of trucks stalled in traffic, cargo stuck at overwhelmed

seaports, or airplanes circling over crowded airports, congestion is costing America
an estimated $200 billion a year.

[ransportation



Motivations - Funding

Accountability, transparency

Ehe New JJork Times

By TIMOTHY EGAM

Fublished: Agril 10, 2004

Built With Steel, Perhaps, but Greased With Pork

€he New JJork Times
Congress Is Still Pursuing Earmarks

2008 spending bills include more than
11,700 earmarks, totaling $16.9 billion.

White House Office of Management and Budget

€he New JJork Times

By MARK MAZZETTI
Pukblished: Cctober 18, 2008

Report Spells Out Abuses by Former Congressman

www.wikipedia.org



Motivations - Funding

Budget shortfalls
According to ASCE: ASCE a hEH:vnrld by design

» Toinfrastructure needs over the next five years is $1.6 trillion HEFﬂl't Card
FOR AMERICA'S
» Currently allocated funds ~$1.1 trillion

> Funding gap of $500 billion over the next 5 years

Infrastructure

According to the U.S. General Accounting Office: —————ATER
INFRASTRUCTURE
» 29 % of the drinking water utilities and 41 % of the wastewater Comprehensive Asset
utilities do not generate enough revenue to cover their full cost of f’?ﬁ?ﬂiﬁ?‘rﬁiﬁ?h’
se rVi ce g:i::tlgl\]r:; ::ds and

Investments

» 1/3 of water utilities deferred maintenance because of insufficient

funding
£26A0
According to PennDOT (Hoffman 2004):
» Six Year Needs for bridge and pavements S 21.3 billion pennsylvama

> Six Year Available Funds $ 15 billion e

> Funding gap of $6.3 billion over the next 6 years



Motivations - Funding

Potential influx of funding

€he New Hork Times

. Bloomberg Creates a Task Force to Advocate for U.S.
> Nationa I- I eve I Infrastructure Needs

Non-partisan Infrastructure Coalition
Goal: Make infrastructure funding a national priority.

PA Gov. Ed Rendell, CA Gov. Arnold Schwarzenegger, NYC Mayor Michael Bloomberg
Backed by the Rockefeller Foundation

» State-level (e.g. Pennsylvania)

Governor Rendell’s Bridge Plan (philadelphia Inquirer, 2008)
Borrow $600 million over 3 years to address 1,145 of 6,000 structurally deficient bridges

Abertis Infra. and Citi Infra. (Wall Street Journal, 2008)
75-year lease of PA Turnpike; $12.8 Billion to PA, $5.5 Billion to rebuilding turnpike

Act 44 (Central Penn Business Journal, 2007)
PA Turnpike to toll and operate 1-80; $83.5 Billion to PennDOT over 50 years



Challenges — Fragmentation

Across Infrastructure Classes

Civil Building > Architectural
Engmeerm Infrastructure
\ T Siuctural Leads to different
Transportation \ languages, cultures
'nfraS”UCthe Geo and unforeseen
Engineering . .
Water iInteractions...
Infrastructure

2007, 2459 am

Transportatlon Flooding Cripples Subway System
and Development - sl o

Updated, 4:10 p.m.

‘& Construction

Environmental Coasts, Oceans,

and Water Ports and Rivers
Resources

(ASCE Institutes,
2006)

€he New JJork Times



Challenges
Disconnect with asset reality

SIS DR VAR According to the U.S. Federal Highway
= T Ny Administration, in 2006 there were
. - & 73,764 bridges classified as
Lo o structurally deficient

iy Perception?

Percent in either category: 429

Click here bo sep major siate
Bailell pinn i Dbl

MSNBC.com

Reality?

Pittsburgh, PA - Collapse of jf@mmms O 120 - 112
_overpass under its own weight,’ @) 100
& 27 December 2005 = %0
i ’_,_--" m U)
Y— 9 &0
© = -
| R p—
o @©
O L 20
E
g 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

Year
Wardhana & Hadipriono (2003) “Analysis of recent bridge failures in the United

States,” ASCE Journal of Performance of Constructed Facilities, Vol. 17, No. 3




Challenges — Culture

Political incentives

Lifespan of infrastructure...
» Water pipe:

»Landmark bridge: > 100 yr
»Bridge: 75-100 yr

» Flexible pavement: 20 yr
»Rigid pavement: 40 yr

Terms of elected officials...
»U.S. President — 4 yr
»U.S. Senator — 6 yr

»U.S. Representative — 2 yr
» State Governor — 4 yr

» City Mayor — 4 yr

“The bottom line is that routine but important things like
maintenance always get shortchanged because it’s nice for
somebody to cut a ribbon for a new structure.”

- Charles Schumer (Senator, NY)



Challenges — Culture

Process-based mindset

(Edmunds.com)

2007 Hyundai Accent
Price: $12,565 (MSRP)

Hamilton Co., OH Bridge (1997)

-Over 24 subcontractors
-Many Bureaus of ODOT District 6

Price: $1,000,000-2,000,000

Performance Metrics:
Horsepower: 110 hp; Max Horsepower: 6000 rpm;
Torque: 106 ft-Ibs; Max Torque: 4500 rpm; Turning

Circle: 33.1 ft.; EPA Mileage Estimates: 32 mpg / 35 Performance Metrics:

Product-based Approach
Process-based Approach

mpg; Range in Miles: 380.8 mi. / 416.5 mi; etc... ?7?7?
Warranty: Warranty:
Bumper-to-Bumper: 5 yr. / 60,000 mi. None

Drivetrain: 10 yr. / 100,000 mi.
Rust: 7 yr. / Unlimited mi.

Aktan, A.E. and F.L. Moon, (2005) “Transition Towards Performance-Based Civil
Engineering,” 11th Transportation Engineering and Safety Conference, State College, PA



Enabling Asset Management

Paradigms requiring...
Technological,

Organizational,

Sociletal,
reform

Performance-based
Engineering

Infra.
Health
Monitoring

Asset Management




s Asset Management Benefit
Cost Analysis?

Benefit Cost Analysis considers both monetary
and non-monetary impacts of the project to
identify net value of the project relative to its
alternatives

Utility theory considers benefits and costs under
uncertainty.

Multi-criteria decision making considers tradeoffs
among different attributes.

How can we...
eAssess Costs?

*Assess Benefits?
Implement? (identifying trade-offs, interactions, etc.)



Related paradigms — Assessing Costs

Life Cycle Analysis and
Life Cycle Cost Analysis

“Life cycle analysis Is a technigue to assess the
environmental aspects and potential impacts

associated with a product, process, or service, by:
scompiling an inventory of relevant energy and material inputs
and environmental releases;
sevaluating the potential environmental impacts associated with
identified inputs and releases;
sinterpreting the results to help you make a more informed
decision.”

“Life-cycle cost analysis Is a process for
evaluating the total economic worth of a usable
project segment by analyzing initial costs and
discounted future costs...over the life of the project
segment.”

Transportation Equity Act for the 21st Century



Related paradigms — Assessing Costs

Multi-Hazard Risk Assessment

The HAZUS-MH framework includes six interdependent modules:
» Potential Earth Science Hazard

» Inventory
» Direct Damage

> Induced Damage MUILT]

> Direct Economic/Social Losses Tdentification and
. H A Z A R Ri;;::[s:essmem
» Indirect Losses I

LN A Cornersione

of the National
 Mitigation Strategy

HAZUS-MH APPLICATION: HURRICANE WIND AND FLOOD

Social Vulnerability:
New Orleans, Louisiana

POTENTIAL USES

B (Pre-event) prepare GIS maps of Social Vulnerability
that Identify concentrations of low-inco nemploy
elderly populations aggregated at the

B (Post-event) use Social Vulnerability and Hazard impac
maps with Residential Damage analysis to identify
population most at risk/in need of housing assistance

Confidence Level In Analysis:
Moderate to High (depending on accuracy of demographic
and other inventory data).
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Related paradigms — Assessing Benefits

Performance-based Engineering

Domain
Limit State | Engineered | Societal Natural
Transparency Sustainability
- Safety o - _
Operational Securit Organizational Minimal impact
and Utility o Effectiveness Hazards risks
Efficiency :
Fiscal Prudence | management
i il I tabl
Serwc_e_ablllty nSPeC.a e Recyclable
Enai . Durability Maintainable Carbon EP
NGINEETING | satety Adaptable Unobirus
Stability of failure | Renewable nobrusive

Societal
Goals

Long-term
economic
sustainability

Preserve culture

Healthy and Just
Society

Promote good
governance

Respecting the
environment

Rely on sound
science




Related paradigms — Assessing Benefits

Infrastructure Health Performance
Monitoring oo s

DI3 Servers

Video :

T
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data acquisition
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weather.com




Related paradigms — Assessing Benefits

Structural Identification

Sensing
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Leads to mountains of data that
defy honest interpretation and
cannot support decisions

Structural Identification

(1)
Utilization of Observation
model for and
- (9) simulations conceptualization

Model iori
= Structural A-priori
cacli ration identification)| | | modeling

an

parameter|D _

(9)

Processingand | controlled  (3)

Interpretation of | £, e rimentation
data

(4)

Leads to an honest view of
structure performance capable of
supporting rational decisions



Related paradigms - Implementation

Systems Engineering Iinvolves...

»definition of systems, including identification of user
requirements and technological specifications;

»development of systems, including conceptual
architectures, tradeoff of design concepts, configuration
management during system development, integration of

new systems with legacy systems, and integrated product
and process development

»deployment of systems, including operational test and

evaluation, maintenance over an extended lifecycle, and
reengineering.

Journal of Systems Engineering

INCOSE

International Coundl on Systems Engineering



Related paradigms - Implementation

Systems Engineering

Input to FE=

8 Policy, Revenue Look
Generation, Measure
Allocation Model

Applied
Systems
Analysis

Impervious ground
cover increases run- \

off and demand on
storm water systems

Human

Water main breaks
require cuts through
pavement and impact

Z
Z
the long.term _Engineering

performance of the

»

entire pavement /
systems
\ Minor leaks / Natural
undermine pavement '/
systems and reduce £
t life- 1 H H
i L |dentify interactions

interconnections



Asset Management Research

What will it look like?

Disciplines Methods

Basic Sciences Interviews/surveys
Civil Engineering Pilot Implementation
Economics Analytical Modeling
Environmental Science Field Research
History Laboratory Studies
Information Science Others

Public Policy

Political Science
Urban Planning
Others

1111

Performance-based s a1 1=

*i

Engineering &
Asset
Management
g Health
Performance

Monitoring

Paradigms

Cost Benefit

Utility Theory
Multi-Criteria Decisions
Life Cycle Analysis

Life Cycle Cost Analysis
Risk Assessment
Structural Identification
Systems Engineering

2Others

Investigators
Government
Academe
Industry

- —




Goal of the Workshop
To construct an ontology that...

» Is “a formal and explicit specification of a shared
conceptualization” of Asset Management.

» represents Asset Management concepts, objects,
iInterdependencies, data, and other elements in both
a semantic and pragmatic manner.

»1s equally readable and
understandable, easily
shared, and practically
reused across diverse
groups, platforms,
applications, and software |
tools. o | ﬂ

Relationships Domain \

.......




Role of the Workshop

To develop a research agenda

Sample Initial Survey Results:

Asset Management Research priorities are...

» assessment of system performance across infrastructure
asset classes (~1.7)

» engineering studies of asset performance (~1.7)

» real-world case studies (~1.8)

» soclal science studies of organizational management
(~2.2)

Asset Management Research priorities are not...
» development of sensor systems (~3.1)
» development of theoretical assessment approaches (~2.9)

1=Strongly agree, 2=Agree, 3=0n the fence, 4=Disagree, 5=Strongly disagree



Questions, comments, discussion?

U.S. Transportation system (TRB 2002)

» 600,000 bridges

» 3.9 million miles of road

»4.1 trillion passenger-miles/yr

»Carries $8 trillion/yr in goods

»Demand for travel increased by 50%
between 1977-1995
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Definitions

Infrastructures are made of...

Engineered
Systems

Buildings, bridges, highways,
buried pipes/tunnels

" Natural ~ Human
F = e Systems | Systems

*Users

*Policy makers
*Designers, managers
*Funding mechanisms

«Climate, temperature,

humidity, precipitation
e *Wind, earthquake
e *Soll, rivers



Related paradigms — Assessing Costs

Consequence-based Engineering...

h 4

IS a new paradigm for seismic
risk reduction across

Done
confident that

1. System Definition
define system of interest
define hazard

define characteristice

: YES

Acceptable?

Are Consequences '

¥

consequences will be
acceptabls

I

regions...that incorporates
identification of uncertainty Iin

2. Rapid Estimate of
Consequences

quick azsezsment of
likely consequences

Consequences be
Redefined?

|

all components of seismic risk

Should

3. Define Acceptable Parameters

Should Acceptable

/ 4. Decision Making

Consequences
define stakeholder nesds |

be Refined?

modeling and quantifies the risk -

Rapid Assessment /

to societal systems and
subsystems...to develop risk
reduction strategies...

D.P. Abrams, A.S. Elnashai and J.E. Beavers (2002) “A
New Engineering Paradigm: Consequence-Based
Engineering,” EERI

yes

5. Refine Hazard Estimate
further refine hazard for more
precize loz2s assessment

Should System
Interventions: be

h

Consgidered?

6. Refine Inventory Estimate

further refine inventory of built
efvironmeant for mors precize loss

Azsessment

'

10. Prescribe System
Interventions to Minimize
Consequences

rehabilitate or demolish
vulnerable sfructures, construct

h J

7. Refine Fragility Relations
further refine vulnerakility of built
environment with refined hazard
and mors precise responss

new siruciures, re-route network
flows, re-manage land uss, etc.

analyses

Consequence Minimizafion

8. Re-Assess Social Impact
aszess social and economic
conzequences of event in terms of
refined hazard and inventory
eztimates and fragility relations

Inappropriate
Solution

¥

consequences will
NOT be acceptable

Damage Synthesis

9. Re-Visualize Consequences
examing effects of aystem
alterations on reducing
CONSeqUENCES




Challenges — Fragmentation

Along the Life-Cycle of Assets

WEIGHT

- Preliminary
/Conceptual Design - Feasibility -Social and Environmental
Impacts - Detail Design - Bidding - Contracting -
Redesign - Refinance for Construction - Procure
Materials - Fabricate - Construct - Commission -
Operate - Inspect - Manage - Maintain - Repair -
Rehabilitate -Change/modify - Reuse - Hazard -
Retrofit - Renew - Decommission - Recycle .....



Definitions

Asset Management is...

Link strategy for addressing
infrastructure needs

M Service goals
M Operating budget
H Capital improvement plan

» Policy-Driven.

> Performance-Based

Collect and organize i
Integrate data and decision making on assets
across the organization B Description

» Capable of Analyzing Options and | = comuwea - ’ = Conion

B Unique identifiers
W Consistent organization Asset

Tra d E'Offs Management
o B

»Based on Quality, Objective
Information

——

Analyze data to set priorities and
make decisions about assets

» Monitored to Provide : o
Accountability and Feedback

United States General Accounting Office
Report to the Ranking Minority Member, Committee on
Environment and Public Works, U.S. Senate (March 2004)



