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CHAPTER 7 - TOWARDS SUSTAINBLE
MUNICIPAL INFRASTRUCTURE ASSET
MANAGEMENT - Dana J. Vanier

By :

Dana J. Vanier

7.1 Sustainable municipal structure

This chapter describes methods and techniques required to support the
general concept of sustainable municipal infrastructure. The author’s
hypothesis is that implementing proper asset management techniques can
lead to sustainable municipal infrastructure. A municipal infrastructure asset
management methodology is presented in this chapter.

It must be made clear at this time that the author does not examine ‘green
infrastructure’ or ‘environmentally-friendly’, innovative technologies in this
chapter. This chapter focuses on one cold, hard question: is it possible for the
city’s tax revenues to maintain and renew its extensive, growing and diverse
selection of infrastructure, two or three generations into the future? This task
is difficult enough to accomplish, as many cities are finding, without having
to address the other complexities discussed in this book. This is not to say
that these other agendas are of lesser importance, but rather that the
municipal infrastructure must first be economically sustainable, and many
municipalities are still far from being able to achieve this goal.

Fortunately in most municipalities, the forebears have paid off the existing
municipal infrastructure assets (they did produce sustainable infrastructure);
the current city caretakers are only responsible for the maintenance and the
renewal expenditures for this existing infrastructure. Typically, annual
maintenance expenditures on infrastructure assets should average
approximately 2% of the value of the assets’ (NRC 1990, CERF 1996,
Vanier and Rahman 2004). This number is a rough average that takes into

' 2% to 4 % of the current replacement value is the recommended expenditure each
year on maintenance; few municipalities come close to 4% (Vanier and Rahman
2004).
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account the maintenance cost differences between asset classes and the
increasing maintenance costs over time. In general, if this level of
maintenance funding is not supported, then the assets will deteriorate more
rapidly, will cost more to repair, or will have to be renewed prematurely.

Renewal expenditures, on the other hand, are related to the service life of
the asset. That is, if the asset has a service life of 50 years, then roughly 2 %
of its replacement value should be ‘saved’” per year to ensure that it can be
replaced at the end of its service life; otherwise it is not sustainable. If assets
are replaced prematurely or are replaced too late, then it is more costly to the
city.

These two general rules of thumb mean that in order for a city’s
infrastructure to be economically sustainable, 4% (i.e. 2% for maintenance
and 2% for renewal) of the current replacement value (CRV) of the municipal
infrastructure must be available to ensure that the existing infrastructure is in
good working condition and that the old assets will be renewed when
required. Since very few municipalities have reserve funds to cover these
costs, the 4% has to be funded on a year-by-year basis from taxes or service
rates.

In addition, if the municipal infrastructure portfolio increases in value,
then future generations will be encumbered with the maintenance and
renewal costs of those additional assets as well. Likewise, if the tax revenues
shrink then the city must be prepared to decommission surplus assets, which
is also an expense.

7.2 Deteriorating municipal infrastructure

There is no need to dwell on the situation of deteriorating municipal
infrastructure, as there has been considerable well-documented concern about
the current state of municipal infrastructure (ANAO 1996, CSCE 2003, WIN
2003, Vanier and Rahman 2004). In Canada, generally the problems relate to
the following causes or symptoms:

= Aging and deteriorating infrastructure.

= Lack of funding (all levels of government, downloading of
responsibilities from higher levels of government).

* In large organizations, these funds are not banked but obtained from annual city tax
revenues.
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=  Pollution - health issues (e. coli, toxic wastes).
= Scarce resources (oil, water, lumber), and

=  Demographic and population shifts (baby boomers, generation-X,
sun belt growth).

Given the current situation of aging infrastructure, the following
challenges exist (the challenges in the New World, are similar to those of the
established municipalities of Europe or the rapidly growing municipal
economies of Asia):

o Many municipalities do not know the extent and/or the value of
their infrastructure assets.

o Some cities are not aware of the amount of their deferred
maintenance or their renewal requirements.

o There is little knowledge about how specific classes of assets
deteriorate.

o The technical service life of many classes of infrastructure assets
is not known.

o There are considerable amounts of non-digital data in this
community.

o Decision support tools are not available to infrastructure
managers and decision makers.

In addition, there is a considerable amount of municipal infrastructure to
manage and to replace; a rough estimate of the value of municipal assets in
Canada (with a population of 32 million) is over € $615 billion (Vanier and
Rahman 2004).

7.3 What is municipal infrastructure asset management?

The managers in a municipality must manage a large and diversified set
of built assets ranging from complex underground networks (e.g. water
distribution, sewers) to buildings, roadway systems to parks, and transit
systems to water treatment plants. These municipal assets are collectively
known as municipal infrastructure but the city might also be responsible for
some social housing, police stations, vehicles, and maintenance depots. All
these built assets are subject to deterioration due to aging, geological
conditions, climate, usage or changes in use.

Recent years have seen a lack of adequate funding for maintenance and
renewal. As a result, certain components of municipal infrastructure have
been neglected, or at most receive only remedial treatments. Consequently,
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these municipal assets have little chance to reach their predicted service life.
Therefore, city managers are continually faced with challenges regarding
when and how to inspect, how to maintain, when to repair, where to renew,
and what to replace in their infrastructure portfolio. In addition, these
decisions must take place across a diverse set of facilities (historical, old,
new, costly, popular, roads, bridges, sewers, buildings, etc.).

Few tools exist in the form of standards, guidelines, technical literature,
or best practices to assist in decision-making. Information technology (IT)
solutions claiming to address the needs of infrastructure management are now
coming into prominence in the developed world.

7.4 Definitions

A number of definitions are needed to support this discussion on
managing municipal infrastructure. The Canadian Oxford Dictionary defines
‘infrastructure’ as “the basic structural foundation of a society or enterprise;
roads, bridges, sewers, etc. regarded as a country's economic foundation”.
Many organizations are now employing the term civil infrastructure systems
(CIS) to encompass this type of built asset and to distinguish it from other
forms of infrastructure that can exist in a city such as computer networks,
telephone systems, fiber optic networks, etc. In some cities or countries
municipal government also controls these infrastructure networks.

Municipal infrastructure can be seen as a subset of CIS and includes
those infrastructure assets typically managed by municipalities. These
include, but are not restricted to the following: buried utilities, roads, transit
systems, bridges, water/sewage treatment plants and parks. Some
jurisdictions could also be responsible for a variety of buildings (i.e. police
stations, fire halls, indoor swimming pools, arenas and community centers)
but their responsibility could also extend to other types of buildings such as
social housing, schools and vehicle maintenance depots. The type and the
amount of municipal infrastructure inventory in a city is a reflection of its
geography, needs and history. That is, bridges might predominate in one
municipality, whereas it could be roads or buildings in another. Again, it
must be reiterated that municipal infrastructure asset management deals with
a diverse set of assets.

National Research Council’s (NRC) project on Municipal Infrastructure
Investment Planning (MIIP 2005) has selected the following definition for
asset management:
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Asset management is a business process and decision-support framework
that: (1) covers the extended service life of an asset, (2) draws from
engineering as well as economics, and (3) considers a diverse range of
assets.

The term maintenance covers a wide selection of processes that are
needed to support municipal infrastructure operations, specifically:
inspection, preventive maintenance, and repair. Maintenance ensures that an
asset reaches the desired service life. The term renmewal is used to mean
rehabilitative, replacement or renewal interventions on municipal
infrastructure that has reached its service life. These renewal actions provide
the municipality with ‘as-new’ infrastructure with a new, and perhaps
different, service life.

7.4.1 Why municipal infrastructure asset management?

Asset management is not a new science, process or methodology; cities
have been managing assets for thousands of years. However, new legislation
in a number of countries such as USA, Australia and Canada is compelling
municipalities to record properly the extent and the condition of their
municipal assets.

The US Governmental Accounting Standards Board (GASB), a non-
profit organization, published a financial reporting standard in June 1999 to
dictate how State and local governments must present their financial
statements. GASB Statement 34 (Basic Financial Statements—and
Management’s Discussion and Analysis—for State and Local Governments)
requires municipal, local and state authorities to account for their assets and
to identify them in their financial statements (GASB 2001).

Statement 34 attempts to establish and improve “standards of state and
local governmental accounting and financial reporting that will result in
useful information for users of financial reports and guide and educate the
public, including issuers, auditors, and users of those financial reports”.
‘Long lived’ assets’ including buildings, land and infrastructure must be
reported in a city’s financial statement. Statement 34 provides for two
methods to report the infrastructure owned by governmental authorities: (1)
straight depreciation method (traditional), referred to as the Standard
Reporting Approach, and (2) the Modified Approach.

3 The term ‘long lived’ refers to assets that have initial useful lives beyond one
reporting period.
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The traditional approach requires reporting the annual cost of using the
capital assets including the operating and maintenance costs, as well as
depreciation costs.

The Modified Approach requires information on the current physical
condition and long-term maintenance needs of the infrastructure assets. In the
Modified Approach, infrastructure assets do not have to be depreciated if the
city uses an asset management system and assets are maintained at a pre-
established condition. The GASB implementation schedule is dependent on
the size of the agency (GASB 2003):

“... all governments have a minimum of two years to get ready to
publish the new financial statements, and smaller governments have as many
as two additional years to prepare (The largest governments must prepare
the new statements for fiscal years beginning after June 15, 2001)”.

In the province of Ontario, Canada, the provincial government recently
established the Sustainable Water and Sewage Systems Act, 2002. This Act
applies to all municipalities that provide water and wastewater services to the
public (Bill 175 2002). These designated municipalities are required to
prepare a report detailing their water and wastewater services. The annual
report must include an inventory and management plan for the water and
wastewater services, a certification of this plan by a professional engineer,
and an assessment of the total cost of providing these services including
revenues. The Act specifies that the total cost of providing services should
include water source protection costs, operating costs, financing costs,
renewal and replacement costs, and improvement costs. This Act is known
locally as ‘Bill 175°.

The National Guide to Sustainable Municipal Infrastructure (Guide
2003) is funded under the Infrastructure Canada Program (ICP) and managed
by the Federation of Canadian Municipalities (FCM) in partnership with the
National Research Council of Canada (NRC). The four-year project started in
2001 and has a budget of € 16 million. The InfraGuide provides a road map
to the best available solutions (i.e. Best Practices) for addressing municipal
infrastructure issues. It also serves as a focal point for a Canada-wide
network of practitioners, researchers, and municipal governments focused on
infrastructure operations and maintenance. The Guide addresses six target
areas:

=  Environment protocols.
=  Municipal roads and sidewalks.
= Decision-making and investment planning
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= Transit.
= Potable water (production and distribution), and
=  Storm and wastewater.

Stakeholders from Canadian municipalities and infrastructure specialists
from across Canada assist engineering consultants to develop these Best
Practices. The Best Practices help municipalities identify needs, evaluate
solutions, and plan for long-term sustainable solutions for improved
infrastructure. A total of 50 Best Practices have been published to date.

The Australian National Audit Office (ANAO) is a public sector
organization providing audit services to parliament and commonwealth
public agencies. The ANAO assists the Auditor-General by providing an
objective evaluation of the performance and financial management of public
sector agencies. ANAQ’s Asset Management Handbook (ANAO 1996)
provides an overview of asset management principles, instructions on the
application of asset management principles and concepts, a selection of case
studies, and a glossary of terms. The Australian National Audit Office found
that:

* Most organizations can benefit from proper asset management
strategies.

= Asset management strategies should integrate with other strategic
planning processes.

= Alternatives should be considered when purchasing and replacing
assets.

= Life-cycle (see Glossary) costing analysis should be used.

» Improved asset management can occur from proper codification of
costs of assets, and

= Regular inspection of the condition and performance of assets,
combined with careful planning for replacement, can maximize the
return on investment.

The ANAO has also published a better practice guide entitled the Asset
Management Guide (ANAO 1996a).

This author believes that the introduction of USA’s GASB Statement 34,
Ontario’s Bill 175 and the Australian asset management activities have
contributed to the recent ‘popularity’ in asset management and have
promoted the implementation of asset management techniques and the use of
asset management software.



8 Towards Sustainable Municipal Infrastructure Asset Management

7.4.2 What is the state of municipal infrastructure asset management?

North America has seen many reports, in both the popular press and
technical literature, on the state of deteriorating public assets. For example,
Macleans and Time magazines have had a number of articles related to the
state of infrastructure. More recently, the American Society for Civil
Engineers gave USA’s civil infrastructure a failing grade of D in its 2005
Report Card for America's Infrastructure (ASCE 2005).

A recent study of Canadian municipalities identified reasons for concern
about the state of its municipal infrastructure (Vanier and Rahman 2004):

= 44% of respondents did not know that suggested levels of
investment” are available, and

= 21% of respondents were unable to identify their actual level of
investment.

Other reasons for concern identified in this study are that Canadian
municipalities desire more maintenance funding than they currently receive:
= 77% of respondents desired the recommended 2% to 4% annual
maintenance funding;
= 70% were spending less than 2%;

= 9% of respondents desired at least four times as much as they
currently receive, and

=  60% of respondents desired at least 50% more than they were
currently receiving.

The study concluded that:
= Canadian municipal assets were rated as 2.9 or ‘good’ to ‘fair’ from a

range of 7 ratings (excellent = 1, very good, good, fair, poor, very
poor and failed = 7).

= The condition of assets is skewed to the better side of the range.

= 50% of the assets were at least 30 years old, and

* Federal governments in North America recommend spending annually 2% to 4% of
the current replacement value of its assets on maintenance (NRC 1990).
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= 25% of assets were between 20 and 30 years old: -- therefore in 10
years, without any renewal, the proportion of +30 year old assets will
be 75%.

The identified contributors to the current situation included the age of
assets, political inaction, expanded need for facilities, and inflation.

In general, the study determined that municipal infrastructure managers
were able to provide reliable answers to the first three whats of asset
management (Vanier 2001): what do you own, what is it worth, and what is
deferred. However, these same managers were not confident about their
answers regarding the last three whats: what is the condition, what is the
remaining service life and what do you fix first.

7.4.3 How can municipal infrastructure be sustainable?

A common definition of ‘sustainable’ exists for most industries, and an
appropriate one is from CIB’s Agenda 21 on Sustainable Construction
(Agenda 21 1999)(see also section 3.1 in Chapter 3):

“development that meets the needs of the present without compromising the
ability of future generations to meet their own needs.”

The following quotation summarizes the challenges of managing a
diverse network of municipal infrastructure assets

“The main goal of asset management is to maintain the condition of the
assets at acceptable performance levels at minimum cost or within the
budget constraints.” (Halfawy 2004)

There are many ‘unknowns’ in this equation including definitions of
‘acceptable performance’, ‘minimum cost’ and ‘maintain the condition’. As
mentioned earlier, many municipalities have portfolios of extensive assets,
and in many cases, these cities are experiencing growth.

7.5 Six simple questions with six difficult answers

Municipal infrastructure assets can be sustainable. This chapter deals
more with the engineering and economic aspects of assets; as a result, it is
focusing on producing the objective numbers needed to make municipal
infrastructure assets sustainable. Municipal infrastructure asset management
can be viewed as six simple questions with six difficult answers:
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=  What do you own?

= What is it worth?

= What is deferred?

=  What is the condition?

= What is the remaining service life?

=  What do you fix first?

The sequence of these questions is important: the answers to the first
questions are needed to answer the questions following. In addition, the first
questions are easier to answer; that is, they require fewer resources.

7.5.1 What do you own?

The first question that should be answered in this quest for sustainable
municipal infrastructure asset management is what do you own. This appears
to be a trivial question, but many municipalities might not have accurate
records of their portfolio for any number of reasons. Among these are:
inaccurate construction drawings (as-builts), inconsistent maintenance
records, incompatible asset records after amalgamation of adjoining
municipalities, or informal procedures to manage asset knowledge by city
workers. How can a municipal asset be maintained (and sustainable for that
matter) if the city does not know who owns it?

So, this first question has to do with the actual ownership of city
property and assets. Municipal infrastructure asset managers must know the
extent of the city’s assets as well as specific administrative and engineering
details about individual assets. Typically, the answer to this first question
requires an inventory system. An inventory system (whether it is a
computerized maintenance management system - CMMS, spread sheet,
database or set of inventory cards) should include an enumeration,
classification, and description of all assets contained in the municipal
infrastructure portfolio according to a preset classified list (buildings, buried
utilities, roads, sidewalks, curbs, bridges, culverts, land, etc.). Aside from the
standard infrastructure assets, the municipal portfolio could include ‘non-
construction’ assets under the responsibility of the public works organization
such as vehicles, trailers, playground structures, highway appurtenances, and
street signs.
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7.5.1.1 Inventory systems

A file structure, whether it is manual or electronic, is required to store
and classify essential information about every type of municipal
infrastructure asset. This should include information about the asset location,
type, physical description, responsibility, installation date, material,
dimensions, etc. In addition, for specific types of assets there should be an
adequate number of fields to store pertinent information about this type of
asset. For example, data stored about building assets should include the gross
area, location, height, date of construction, number of floors, etc. Inventory
data about buried utilities should include the pipe material, pipe diameter,
pipe thickness, pipe depth and associated maintenance holes (aka manholes).

Table 7.1 lists typical classes and subclasses of municipal infrastructure
assets. This list is not intended to be exhaustive, but to indicate the breadth of
municipal infrastructure.

Table 7.1 Classes and subclasses of municipal infrastructure assets
q o Roadway .
Buried utilities Roads/Roadways Bridges
appurtenances
Water Roadways Standards Road surface
Sewer Parking Lots Signs Deck
Storm Sewer Curbs Barricades Abutments
Electrical Sidewalks Guard Rails Piers
Telephony Drainage Other (Name) Other (Name)
Gas Culverts
Telecommunication Landscaping
Other (Name) Other (Name)

Buildings Treatment plants Parks and grounds Vehicles
Architectural Structure Parks Road Repair
Electrical Equipment Structures Snow Clearing
Mechanical Other (Name) Landscaping Trailers
Structural Benches Other (Name)
Other (Name) Trees

Other (Name)

Most municipalities in the world are in the process of changing from
paper-based systems (drawings and inventory cards) to electronic databases
(computer-aided design — CAD, CMMS, and geographic information systems
— GIS) to store their inventory. It might take decades for some cities to
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complete this transition; as a result, a hybrid system consisting of both paper-
based and electronic records will exist for many cities, for many years into
the future. Which data to collect and in which format (paper-based or
electronic), are questions being asked by most municipalities.

The answer is not straightforward, as it depends on many factors: cost
of data collection, format of existing data, current cost of data retrieval,
accuracy of existing information, degree of computerization of city records,
etc. Computerization of inventory records is no longer a question of ‘if’, but
it is now a question of ‘when’. Two rules of thumb are proposed: (1) if good
paper-based records already exist — keep them in that format for now, and (2)
if poor or no records exist — make all efforts to collect data electronically.

7.5.1.2 Whereis it?

This question is not in the original list of whats, -- perhaps it should be
rephrased as what is the location. In the past and present, this answer has
relied on access to accurate drawings and plans. In the future, the answer to
this question will be a geographic information system or GIS.

GIS is not a new technology as it was first investigated for engineering
applications as early as 1950. Recent surveys (Vanier and Rahman 2004;
Vanier 2004) have shown the growth in popularity of this technology as a
decision-support system (DSS) for municipal infrastructure management.
GIS’s main contribution to what do I own is the physical location of the
asset. If the GIS database is properly structured, it can also save a
considerable amount of valuable information about the relationship of a
specific asset to its neighboring assets. For example, if the contact
coordinates (e.g. phone number) of property owners can be linked to the
same database as the water distribution network, it is a relatively simple task
for the municipality to contact property owners when services are to be
disrupted.

Much has been written about the advantages of using GIS to manage
municipal infrastructure (Vanier 2005); however, this solution can be an
expensive one. Fortunately, many municipalities are using GIS in their day-
to-day administrative and political operations, so the public works managers
can benefit from these earlier implementations.

The same two rules of thumb regarding the dilemma of when to move
from paper-based to electronic data apply to GIS implementation: (1) if good
paper-based records already exist — keep them in that format for now, and (2)
if poor or no records exist — make all efforts to collect data electronically.
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7.5.2 Whatis it worth?

The second question to be answered in this quest for sustainable
municipal infrastructure asset management is what is it worth. Another
general rule of thumb applies here: the more it is worth, the more expensive it
is to repair or replace. Therefore, it is important to know the answer to this
question before decisions are made to maintain or renew a failing asset.
Answering this question adds extra data to the inventory records and makes
for better support of decision-making.

The second question is not: what did it cost or what is the replacement
value, but the more complex question what is the asset’s worth to the
organization. The analogy to an individual’s car or house immediately
identifies the complexity of this issue: what is the price of a new ‘equivalent’
car; what is the market value of my home; what could I get for my used car;
how much would it cost to rebuild my current home, or could I rent instead
and what would it cost? Therefore, the value of an asset can be represented in
many ways.

The historical value is the original ‘book value’ of the asset: it is the
recorded construction cost (minus all the design, planning and maintenance
costs). Typically, in many municipalities this is the only value that is
recorded, maintained, and used.

The appreciated historical value is the historical value brought up to
current value using multipliers reflecting the annual changes in construction
costs (ENR 1999). The Engineering News Record (ENR) Construction Cost
Index (CCI) data are based on historical costs (averaged over 20 cities in the
USA and two in Canada) for 200 hours of weeks of common labor. The
Building Cost Index (BCI) data are based on two weeks of skilled labour
(carpenter, bricklayers, and structural ironworkers). The CCI and BCI
material costs are both based on the cost of a standard weight of structural
steel, portland cement, and processed lumber. This historical value updating
therefore takes into account annual inflation or deflation. ENR uses the year
1913 as the base year (value = 100). For example, an asset constructed in
1960 has a multiplier of CCI = 824 (BCI = 559), whereas a multiplier of CCI
= 6000 (BCI = 3425) is applied to an asset built in January of 1999.
Therefore, a construction project completed in 1960 for € 1 million has a
value of € 1 million X 6000 / 824 or € 7.28 million. A building constructed at
the same time has a 1999 value of € 1 million X 3425/ 559 or € 6.13 million.
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Current replacement value is the cost of replacing the asset today using
current construction techniques. Typically, this is calculated on per unit cost
(i.e. per length, area or volume). Sometimes multipliers are available for
different types of construction or for different cities (RSMeans 2002). It is
recognized that sometimes an exact replacement is not available and the cost
of a replacement that provides equivalent functionality must be calculated.

Performance-in-use value is the calculated value of the actual asset for
the user (Lemer 1998). This value takes into account the actual performance
of the asset as opposed to the current replacement value. That is, if an asset
is too large or is under-utilized, then the value of a more suitable asset
(smaller, ‘right-sized’) is substituted.

The deprival cost is the “cost that would be incurred by an entity if it
were deprived of an asset and was required to continue delivering
programs/services using the asset” (ANAO 1996). It is a term used
predominantly in Australia, but reflects the subtleties of establishing what is
it worth. For example, what would the city do if it did not have access to its
city hall? The deprival cost might be the cost of leasing the vacant office
building across the street.

The market value is the value of an asset if it were sold on the open
market today. In many instances, the market value cannot be used for
municipal infrastructure; however, it is applicable to many types of assets
such as buildings or unoccupied land. The recent interest in public-private
partnerships (PPP) throughout the world is opening up opportunities for
funding municipal infrastructure projects (examples include bridges, toll-
roads, municipal buildings) and for relating municipal infrastructure assets to
market values. The definition for PPP proposed by The Canadian Council for
Public-Private Partnerships (CCPPP 2005) is a “cooperative venture between
the public and private sectors, built on the expertise of each partner, that best
meets clearly defined public needs through the appropriate allocation of
resources, risks and rewards”.

A comprehensive asset management system should include a minimum
of two fields to record the value of an asset. Typically, organizations record
the cost of construction and an estimate of the current replacement value. In
addition, a comprehensive asset management system should associate or link
all on-going maintenance and renewal costs to the corresponding asset. A
comprehensive system should also calculate the present value of these costs
using standard life cycle costing methods (ASTM E917).
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7.5.3 Whatis deferred?

The third question that needs to be answered for achieving sustainable
municipal infrastructure asset management is what is deferred. Knowing the
extent of outstanding work is akin to knowing the balance outstanding on
one’s credit card, or one’s deficit in the budget. Not unlike the previous
question what is it worth” this question can have numerous answers. What is
meant by deferred? Does it include capital renewal?

Deferred maintenance (DM) can be defined as the cost of maintenance
(and not renewal) that has been postponed or phased for future action that
would bring the asset to its original potential.

Renewal, on the other hand, is the replacement of an asset at the end of its
service life or because of economic, obsolescence, modernization, or
compatibility issues. Renewal includes examples such as the rehabilitation of
an existing bridge that results in an ‘as-new’ bridge.

Comprehensive asset management systems include a method to calculate the
Facility Condition Index (NACUBO 1991) for the various classes of
municipal inventory assets in the portfolio.

FCI = Deferred Maintenance (DM)/Current Replacement Value (CRV)

As the simple example in Table 7.2 illustrates, the FCI can be used as a
simple metric to rank maintenance activities; that is, the higher the FCI, the
higher the priority for maintenance intervention. It can also be used as a
rough guide for the condition of an asset, if no other method has been
implemented.

Table 7.2 What is deferred?
Asset class D.eferred Replacement FCI Priority
maintenance value
Building A € 640,509 € 6,967,000 9.19 % -
Architectural €216,011 € 2,345,000 9.21 % 4
Mechanical € 30,241 € 1,267,000 2.39 % 7
Structural € 242,234 € 2,134,000 11.35% 3
Electrical € 152,023 € 1,221,000 12.45 % 2
Water € 239,391 € 23,359,000 1.02 % 6
Storm € 326,239 € 10,031,000 3.25% 5
Sanitary € 956,000 € 6,451,000 14.82 % 1
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One can question the value of such numbers to an organization.
Hypothetically, the FCI could be based on two inaccurate numbers: a very
rough approximation of the deferred maintenance and an old historical cost of
the asset. On the positive side, if no other data are available for prioritization
of projects, then using the FCI as the metric is objective and directs
maintenance funding to the assets with the highest proportion of deferred
maintenance.

A sub-classification of the deferred maintenance is proposed by the City
of Edmonton (Edmonton 2004). In this methodology, the deferred
maintenance gap is sub-categorized: suitability gap, functionality gap and
condition gap. The suitability gap is the difference between the current and
the required suitability of an asset. Suitability is defined as the quality of
having the properties that are right for a specific purpose. For example, the
combined sewers in a municipality are not suitable in this era; however,
millions of Euros are required to separate the storm from the sanitary sewers.

The functionality gap is the cost difference between the current and the
required functional requirements of an asset. For example, the asset can be a
swimming pool in perfect condition, but it is centimeters short of the
Olympic length needed for competitions.

The condition gap is more like the DM described above.

The suitability and the functionality gaps, in many cases, have more to do
with renewal than with maintenance, as little will be done with these assets
until the end of their service life. These two gaps should be lumped with
those renewal projects where the asset is at the end of its service life. This
differentiation leads to the obvious conclusion that municipalities should
have two categories of deferred work: deferred maintenance and deferred
renewal.

7.5.4 Whatis the condition?

The fourth question deals with trying to establish what is the condition of
the asset and portfolio. This question cannot be properly answered until the
extent of the municipal inventory, the value of the city’s assets, and the
amount of deferred maintenance and renewal are objectively quantified. Like
the previous question, this one is also complex: what is the condition; what is
the performance; what is the desired functionality; what is the desired level of
service, or how much better or worse is an asset performing than the desired
functionality?
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In this chapter, the term condition is used in a very broad sense, covering
areas such as the physical state, hydraulic performance, structural strength or
even aesthetics of the asset. Performance can be defined as the capability of a
facility to perform the function(s) for which it is designed, used, or required
to be used”. The term performance is used in the context of how well the
asset performs its functions, a subset of condition. The subtle differences
between the two terms become obvious after examples of condition
assessment are presented below.

Protocols for determining the condition of assets are not yet available for
the full spectrum of municipal infrastructure. In fact, few researchers and
practitioners are in agreement as to how and whether existing techniques can
be used to evaluate the condition of an asset. It could be decades before
standardized protocols are used consistently in one municipality, and some
infrastructure assets might never have objective protocols. For example, will
we ever see a method to evaluate the condition or performance of wetlands?

There are many techniques, either subjective or objective, to rate’ the
condition of an asset, for example: (1) satisfaction surveys, (2) subjective
evaluations, (3) engineering calculations, (4) weighted factors, (5) distress-
based metrics, or (6) hybrid systems.

Satisfaction surveys are one way to have the user or maintainer of an
asset evaluate its condition. Examples include benchmarking studies (OMBI
2003) and post-occupancy evaluation (FFC 2002). Benchmarking rates the
overall condition of an asset (or organization) according to a number of
predetermined key performance indicators (KPI). Typically in a post-
occupancy evaluation, the evaluation team selects a representative number of
occupants or users of the service; it establishes the criteria to be rated (e.g.
heating quality, water clarity, response time), and it assists the users/owners
to determine the importance of each criteria. The results of the evaluations
(i.e. ranking the satisfaction levels from a spectrum of fully satisfied to fully
dissatisfied) form the rating of the asset (Aronoff and Kaplan 1998).

Subjective evaluations rate an asset according to predefined
organizational standards. Typically, scales such as 1 to 5, A to F, or ‘failed’
to ‘excellent’ are used to rate the condition of the asset or its components.
Descriptions of the ratings can also be provided by the organization (1 or
failed -- replace asset immediately; 5 or excellent -- minimal maintenance
required, as new condition). Owing to the subjectivity of the evaluation

> The term fo rate is used to mean an objective inspection and assessment of how
well the asset performs its mandatory functions.
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process, it is difficult for these metrics to be used outside a specific
organization. Subjective evaluations have an advantage that they are
relatively easy to implement and can be expanded to more rigorous protocols.

Engineering calculations are used to determine if the physical
characteristics of a specific asset or component meet pre-described
requirements. For example, the calculation of the hydraulic flow and
remaining cross-sectional area of reinforcement are ways to determine the
performance of a section of pipe and a concrete slab, respectively. Because
the results of such calculations are binary (pass/fail), engineering calculation
should be used in conjunction with other condition assessment techniques.

Weighted factor is a technique where the desired functions of an asset
class are identified and then assigned weighted factors according to the
function’s significance to the organization. An evaluator then assesses an
asset’s ability to perform the desired function. The final rating is obtained by
multiplying the evaluator-assigned scores by the weighted factors. This
technique can also be extended to include scores from different evaluators or
from different weighted factors from any number of individuals. The
condition rating of individual components of an asset can also be weighted in
order to reflect their relative significance (consequence) to the condition of
the overall asset.

A more sophisticated weighted factor technique, called Analytic
Hierarchy Process (AHP), can also be used to determine the condition of an
asset (Saaty and Vargas 2000). AHP is described in detail in the section on
what do you fix first.

The condition of an asset can be also estimated using distress-based
metrics (Shahin 1992, Zhao et al 2001). In this method, domain experts
develop a protocol to rate distress indicators that are the most problematic
and that are most likely to affect the performance of a specific asset class.
Weighted factors are also developed to rate the severity (low, medium, high)
and the extent (area, length, depth) of the distress. Each distress indicator
(e.g. pothole, sidewalk crack, misaligned sewer, root intrusion, or failed
concrete) contributes a predetermined number of ‘deduct values’ from a
theoretically excellent mark of 100%. The deduct values vary depending on
the extent (e.g. 10% of area, 1 m, 10 m?) or the severity (e.g. high, medium,
or low) of the distress.

This technique is used heavily in pavement and bridge management systems,
but few protocols have been developed for many of the other construction
domains.
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A hybrid system employs a combination of the aforementioned
techniques to determine the condition of the asset. The system might be
specific to one organization or shared in a limited community of users. The
hybrid system can also include weighted factors from a selection of other
condition assessment techniques.

7.5.5 Whatis the remaining service life?

This question cannot be correctly answered until the condition of the

asset has been objectively determined. As with the previous one on what is
the condition, this question is also multi-faceted. What is the average service
life of similar assets? What is the technical service life? What is the economic
service life? What is the deterioration rate? Is this asset deteriorating faster or
slower than the average?
If the infrastructure manager can establish the remaining service life of an
asset or component, then plans can be made for remedial action; life cycle
costs can be calculated; alternatives can be compared; priorities can be
established, and maintenance or renewal can be scheduled.

There are a number of methods that can be used to determine the
remaining service life of infrastructure assets: demonstrated effectiveness,
testing of materials or components, factor methods, deterministic curves,
analytical models, or probabilistic models. Unfortunately, there are few
methods or protocols that are readily available to practitioners for the wide
selection of infrastructure disciplines.

Demonstrated effectiveness implies that the service life of the asset is
based on documented records of successful performance. For example, an
experienced infrastructure manager has a reasonable estimation of how often
a specific component of an asset (e.g. bridge deck) requires replacement.
Alternatively, the infrastructure manager could derive a service life from a
review of in-house records. In essence, such types of information are referred
to as age-based or condition-based estimates. Service life estimates for
components are also provided in current service life tables, guidelines, codes,
standards and other sources (HAPM 1995, 2002, CSA 1995, Newton and
Vanier 2005).

Testing of materials or components provides accurate numbers that can
be used in the development of models for service life prediction (ASTM
E1765, RILEM 1989, ISO 156861 2000). The testing can include gathering
field data from the periodic inspection of components. The tests can then be
used to assess the level of resistance to deterioration in relation to comparable
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materials or components. Typically, short-term or long-term tests are carried
out using indoors laboratory settings or outdoor field-testing. Modeling of the
deterioration process involves alternate systematic approaches; each of the
four methods described below requires data obtained from either these short-
term or long-term tests.

The first two methods of service life prediction are described in the
Canadian Standards Association (CSA) guideline on Durability in Buildings
(CSA 1995).

The factor method (1SO 15686-1 2000) is a weighted factor approach in
which a number of independent factors contributing to the service life of an
asset are identified, evaluated, and rated. The evaluation team selects the
factors affecting the service life (e.g. design, construction quality, load,
maintenance level, and material quality) and each factor’s contribution to the
service life is rated. The estimated service life is calculated by multiplying a
predetermined reference service life by all of the weighted factors. This
approach was first presented by the Architectural Institute of Japan (AlJ
1993) and later adopted by ISO (see Glossary) in the development of an
international standard for the calculation of the service life (ISO 15686-1
2000). The factor method should be used only where the requirement for
accuracy is not high and the consequences of an incorrect estimate are low.
For example, it can be used for the calculation of life cycle costs but should
not be used to determine remaining structural strength.

Deterministic curves attempt to model the deterioration of assets.
Deterministic curves have been developed for a number of municipal
infrastructure disciplines (Bailey et al 1989; Shahin 1992, Newton and Vanier
2005). A typical example of the deterioration is shown as the two dotted lines
in Figure 7.1. In this approach, experts determine the shape of the curve
based on research data and experiential knowledge. In Figure 7.1, the user's
assessment of the condition of two 12 year-old assets (Assets A and B)
determines their remaining service life (RSL). The user must also decide
what Failure State constitutes the end of the service life; in some
municipalities it could be condition rating 1, 2, 3 or higher. Lowering or
raising the Failure State changes the RSL for both Asset A and B. In Figure
7.1, Asset A with a condition rating of 6 after 12 years has a RSL of
approximately 8 years, whereas the RSL for Asset B with a condition rating
of 4 is significantly shorter. The remaining service life for each asset would
decrease if the Failure State for these assets would be 3, instead of 2.
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Figure 7.1 Deterministic deterioration curve

Analytical models attempt to calculate the remaining service life by
modeling the deterioration process. For example, calculating the rate of
chloride diffusion is one method to predict the remaining service life of
concrete structures: “The length of the initiation period ... depends on the
rate of ingress of chlorides into concrete, surface chloride concentration,
depth of concrete cover, and the value of the threshold chloride level”
(Lounis 2005). The concrete will start to deteriorate once the chlorides have
reached the reinforcing steel, a threshold chloride level has been reached and
rusting of the reinforcing steel has started. Analytical methods are useful
where a specific component of the assembly or network is to be maintained
and where there exists considerable knowledge as to the in-service
conditions.

Probabilistic models, such as Markov chain (see Glossary) attempt to
account for the apparent randomness of the failure of components and
systems. This technique predicts remaining service life based on studies of
similar construction forms under test and/or in-situ conditions. Probability
mass functions of performance are determined for the percentage of the
sample group in each of the pre-established condition ratings, as displayed in
Figure 7.2. A probability distribution matrix can then be developed from
these results. Unfortunately these techniques require the collection of
considerable amounts of data; only a few domains such as bridges (Frangopol
et al 1997), trunk sewers (Kleiner et al 2001), wastewater systems (Newton
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and Vanier 2005) and roofing (Lounis et al 1998) management have
developed reliable service life prediction using probabilistic models. Hybrid
systems combining factor methods with probabilistic models have been
proposed by Moser and Edvardsen (2002).
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Figure 7.2 Probabilistic deterioration curve (from Lounis et al 1998)

7.5.6 What do you fix first?

This question cannot be correctly answered until the remaining service
life of the asset has been objectively determined. However, this decision will
take place tomorrow in many municipalities despite a lack of data about what
do you own, what is it worth, what is deferred, what is the condition and
what is the remaining service life. Why is this?

It is because infrastructure managers have no choice, currently. However,
if the first five questions to achieve sustainable municipal infrastructure have
been answered, then a systematic and objective method to prioritize projects
can be implemented.

Although this chapter deals with sustainable municipal infrastructure
asset management, the topic of decision-making for achieving sustainable
cities is also covered in detail in Chapters 16 and 17.
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An innovative technique for decision-making is proposed in this chapter:
-- it is necessary to first decouple or separate the engineering priorities from
the political issues. That is, provide a system that first allows the public
works managers to prioritize their projects according to objective engineering
criteria, then allow the decision-makers to select which projects are funded
(Vanier et al 2005). In this methodology, the city’s technical staff uses the
objective and systematic techniques and methods described in the first five
whats to produce an engineering ranking. The political or administrative
decision-makers can also use the techniques described below to select those
projects to be funded and those to be deferred.

Techniques that can be used to rank the priority of maintenance and
renewal projects include: subjective criteria, expert knowledge, age-based,
condition-based, weighted factor or multi-objective optimization.

Subjective criteria technique is based on a priori political, administrative
or budgetary restrictions. “This project must be done” or “we have approved
that project already” or “we cannot afford to do it all” are typical
justifications for this type of decision-making. For example, many
municipalities have indicated that they do their ranking based primarily on
safety, health or environmental concerns (Vanier and Rahman 2004). “It does
not meet code”, “there are health implications”, and “this one is more
important” are some contentious issues that might arise in this decision-
making process. In many instances, this technique is the only one available to
decision makers.

Expert knowledge relies on the elicitation of knowledge from experts in
the organization (e.g. engineers, managers, foremen, tradesmen, technicians)
or from hired consultants. Their decisions are based on years of experience
and what they know about the specific projects in question.

Age-based ranking relies solely on the age of the asset to determine its
maintenance or renewal priority. However, this technique is flawed when the
ages are inaccurate; when assets with different levels of importance and risk
of failure are compared, or when deterioration rates are not taken into
consideration. Fixing the ‘oldest first’ can reduce the average age of the asset
class, but sometimes replaces an asset that is in acceptable condition.

Condition-based ranking first requires an objective evaluation of the
condition and remaining service life of the asset. If the remaining service life
can be calculated based on asset condition, it is an effective way to prioritize
maintenance and renewal. However, flaws appear in this technique when the
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condition numbers used are subjective or when different asset classes are
compared.

Weighted factor method, described in Section 7.5.4, can also be used to assist
users to quantify, compare, and prioritize alternatives. In this method a
number of significant characteristics of the asset are selected and assigned
weighted factors according to their importance to the organization. The user
can then rate how each asset performs according to these characteristics.
Results are obtained by multiplying the scores from the assigned weighted
factors for each significant characteristic by the user-assigned ratings and
then by adding the results. For example, the condition of the asset could
account for 25% of the total, the appearance for 25%, and the remaining
service life for 50%. If the user rates the condition of the asset at 20 out of a
possible 100, the appearance at 60 and the remaining service life at 50, the
calculated result for that asset would be (20 x 0.25) + (60 x 0.25) + (50 x
0.50) or 45. Any number of evaluators could also assign their own ratings for
this technique; it can also be extended to include different characteristic
weighted factors and different ratings from selected individuals.

A specific type of the weighted factor method called AHP or Analytic (or
Analytical) Hierarchy Process (ASTM E1765; Saaty and Vargas 2000). This
process can be used effectively for a limited number of alternatives; however,
it proves unwieldy when more than five goals or alternatives are compared.

In this process the overall goal of the decision-making task is first
established; then a limited number of Sub Goals and a limited number of
Alternatives are selected, as shown in Figure 7.3. In AHP, each Sub Goal is
compared one-to-one (pair-wise), with the other Sub Goals in order to
develop a comparison matrix (5 x 5 in this example with five Sub Goals). In
the pair-wise comparisons, a rating of 1 means there is equal importance of
the Sub Goals under review and a rating of 9 means an extreme importance
of the first Sub Goal over others. An example is shown in Figure 7.3.
Alternatives 1, 2, and 3 from Figure 7.3 are then compared pair-wise
separately for each of the five Sub Goals. That is, another five matrices of 3 x
3 are developed in this process, where each of the three alternatives is
compared pair-wise to the others (for each of the five Sub Goals).
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Overall Goal

Sub Goal | subGoal2 | | subGoars | | sunGoatd | [ subGoals
Alternative | Alternative 2 Alternative 3
Figure 7.3 AHP goals and sub goals
Sub Goal 1 Sub Goal 2 Sub Goal 3 Sub Goal 4 Sub Goal 5

Sub Goal 1 1 l 2 3 9
Sub Goal 2 1 l 2 2 2
Sub Goal 3 1/2 1/2 | 1/9 2
Sub Goal 4 1/3 1/2 9 1 4
Sub Goal 5 1/9 1/2 1/2 /4 |
Figure 7.3 Analytic Hierarchy Process (AHP) 5 x 5 Matrix

After the two sets of comparison matrices are completed, a well-
documented mathematical process (ASTM E1765) is used to rank the
Alternatives according to the contributions of the individual Sub Goals and to
the overall Goal. A very good and detailed description of AHP, with
examples, is found in Saaty and Vargas (2000).

AHP is a comprehensive comparison tool that can be used to compare both
subjective and quantifiable data and also can be used to give ‘Power
Weights’ to individual decision-makers (e.g. the engineers have three times
the ‘Power weights’ on technical issues).

The obvious advantage of AHP is quantifiable results; however, the
disadvantage is the number of comparisons required when a large number of
Sub Goals and Alternatives are under review.

Multi-objective optimization is an approach based upon compromise
programming methods where the simultaneous satisfaction of conflicting
objectives is considered. For example, these could be: the minimization of
maintenance costs, the maximization of network performance, and the
minimization of risk of failure. Multi-objective optimization (MOO) is a
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decision-support approach that uses the concept of Pareto optimality to
determine priorities

“A change that can make at least one individual better off, without
making any other individual worse off is called a Pareto improvement ... an
allocation of resources is Pareto efficient when no further Pareto
improvements can be made” (Wikipedia, the Free Encyclopedia)

MOQO can be used to determine the optimal ranking of deteriorated assets
in terms of their priority for maintenance or renewal, by achieving a
satisfactory trade-off between the aforementioned competing / conflicting
objectives (Lounis et al 2002).

7.6 Municipal infrastructure asset management plan

Municipal infrastructure asset management is difficult to implement in
practice as asset management means many things to many different people.
For example, some disciplines in an organization might feel they already
have an asset management system in place when they have implemented an
inventory system. Or, some organizations can have some disciplines that are
well advanced in asset management implementation (i.e. bridges, roads) but
also have many that are lagging behind (i.e. parks, buried utilities). Or, some
regions can have reached a plateau and wish to advance to a higher level not
knowing that a sister discipline in another region has the tools and techniques
in place to assist them. Because of these obvious differences in organizations
and in any particular organization, an organization's asset management
implementation plan should have a series of overlying principles established
at the highest level in that organization. An example of an asset management
plan is provided in Table 7.3. The asset management implementation plan
should:

= Assess organization's current level of implementation in various
regions and disciplines.

= Set minimum criteria for data and information for all levels of
implementation.

= Estimate cost of implementation, and

= Set timelines for next level of implementation.


http://en.wikipedia.org/wiki/Resource
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Table 7.3 Asset management implementation plan
Own Worth Deferred Condition Service Fix First
Life
Region #1
Bridges H v y
Roads v v y y
Buildings N Jan 2001 | June 2001
$ 100K S 50K
Region #2
Bridges 3 N Jan 2002
S 25K
Roads v v Jan 2001 Jan 2002
S 50K S 100K
Buildings v v v Jan 2003
S 25K
Region #3 Jan 2001 Jan 2002
S 100K S 50K

7.7 Conclusions

The economic sustainability of municipal infrastructure can be achieved
using the asset management techniques described in this chapter. If the six
simple questions can be answered in the sequence presented, then objective
decisions based on the priorities set by the municipality can be readily made
about what maintenance or renewal activities should be completed first.
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