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(57) Abstract: The present invention provides a visual asset management system for optimizing inspection and allocation of capi-
tal renewal (repair/rehabilitation/replacement) resources among a plurality of assets wherein each asset has a different life cycle.
Inspection is enabled by an inspection device that enables a user to access an inspection template for conducting an inspection of
assets. The user can provide inspection data via the inspection device, including by providing images of particular assets to repre-
sent their life cycle performances. An optimization engine conducts a two stage optimization on the inspection data, first by opti-
mizing inspection and allocation of renewal resources on an asset by asset basis, and then by optimizing inspection and allocation
of renewal resources among all assets or a sub-set of the assets.
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SYSTEM, METHOD AND COMPUTER PROGRAM FOR ASSET MANAGEMENT
OPTIMIZATION

FIELD OF THE INVENTION

The present invention relates generally to asset management optimization. The present invention
more specifically relates to asset management optimization managing the renewal of a plurality
of assets, each having a life cycle, which optimizes the allocation of inspection and funding

resources across the various renewal requirements.
BACKGROUND OF THE INVENTION

Civil infrastructure assets, such as roads, bridges, airports, and building facilities such as
educational buildings and hospitals are essential to the growth and prosperity of the economy, as
well as the welfare of residents. With many assets getting old, sustaining their healthy operation
becomes a great challenge, particularly under constrained budgets for asset renewals. To care for
these important assets, municipalities and large organizations require proper asset management
tools to support the perpetual cycle of inspection, analysis, fund allocation, and implementation
of asset renewal plans. The same needs exist for owners of any group of assets, whether civil

infrastructure owners, fleet owners or any other owner of asset inventories.

In general, asset owners have two functions to care for their asset inventory: preventive/reactive
maintenance; and capital asset renewal (FIG. 1).While maintenance functions support day-to-day
operations, capital asset renewal upgrades, repairs, rehabilitates, or completely replaces the asset,

or some of its components.

Performance is determined as the combination of various categories including physical
condition, Level Of Service, Risk of Failure, Sustainability, and Green performance (note that

“performance” is herein used interchangeably with “condition” of an asset).

Sustaining the serviceability and safety of infrastructure networks is a highly challenging task,
particularly under siringent budgets. Various asset management tools have therefore been
introduced to help ifasse:t managers in the difficult decisions regarding how and when to
repair/replace their ?existing building stock cost-effectively. While existing systems involve

partial solutions such as condition assessment surveys, CAD and/or GIS, there still exists
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considerable difficulties related to the formulation of an integrated life cycle analysis that

considers both asset-level and network-level decisions.

Several key procedures are involved in the ideal asset management process: creating and
maintaining databases of all assets’ data; condition inspection and assessment; calculating assets’
condition deterioration with time; defining and calculating the cost of optional repair strategies;
calculating the condition improvement due to any repair strategy; and selecting best repair
methods and select the most critical assets to repair considering the best value for money over
the long term (called life cycle analysis). Any inadequate or missing procedures, and/or
mismatch or lack of coordination among these procedures, affects the quality and cost

implications of asset management decisions.

To this day, municipalities, asset owners, and accordingly all tax payers face technical challenges
within each function in the asset management process, including four key technical challenges
with large cost implications: (a) the difficulty in coordinating data and decisions among the
different functions from inspection to life cycle analysis; (b) the large time and cost of current
manual and subjective processes to inspect all the sub-assets (sub-components) of all assets,
indiscriminately; (c) the difficulty in integrating and optimizing both the repair/no-repair
(network-level decision) and the repair-type (project-level decision) simultaneously for a large
number of assets; and (d) the difficulty in tracking and visualizing the large amount of data

across the asset inventory to facilitate trend analysis and decision making.

For example, inspection surveys can be carried out at various levels of details. A direct rating of
an asset typically gives a direct category of condition such as: Good, Fair, Poor, or Critical. A
more detailed deficiency-level requires assessment of various defects, for example, window
fogging, window frame problem, window handle problem, etc. A distress-based inspection, on
the other hand, is also detailed and evaluates an asset against a list of generic distresses, such as:
broken, malﬁmction, etc. Even though the inspection data indicates the specific area to be
repaired, current méthodologies do not utilize this data from one step to the other to facilitate
better decisions. As fsuch, deterioration models, repair models, and fund allocation models do not

utilize this data and thus end up conducting approximations and less optimum decisions.

While current condition (i.e., defect severities) can be accurately inspected, the future condition

(future severities) of any instance is difficult to predict and is basically a function of aging,
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operational conditions, maintenance history, etc. Various deterioration models, therefore, have

been proposed in the literature and used in asset management systems.

Even when conditions are known, it is extremely difficult to decide the best repair type for each
asset (asset-level decision) and also to prioritize and select which assets among the whole
network of assets to repair (or not to repair) in each year (called network-level decisions) over a
number of years (called planning horizon). It is conceivable that the choice of which repair
strategy to use for an asset depends in large part on when the repair is planned so that the repair
becomes suitable for the condition of the asset at that time. However, because of the thousands of
sub-assets involved in addressing many assets, it becomes difficult to combine all asset-level and
network-level decisions into one life cycle formulation. Disjointed inspection results in
inspection data that is not up to date or conclusive and ends up with many components being
classified as critical, without indication if some components have more impact on operation,
safety and other performance criteria. This complicates and randomizes the fund allocation task,

which is based on simply ranking without any optimization.

United States Patent 7,058,544 to Uzarski teaches a condition survey inspection framework and
procedure. Uzarski teaches a mechanism to determine the type of inspection that should be done
at each stage in the life cycle of a property. However, Uzarski does not provide any detailed
methodology or device to conduct these inspections. This renders the teachings of Uzarski as

unrealistic, expensive and time consuming.

Therefore, what is required is a technology for managing the renewal of a plurality of assets,
each having a potentially different life cycle, which enables optimization of allocation of
inspection and funding resources across the various renewal requirements. What is also required
is a means to achieve this with low time and cost. What is also required is a device to facilitate

such optimization.
SUMMARY OF THE INVENTION

The present invention provides a visual asset management system for optimizing inspection and
allocation of capital renewal resources among a plurality of assets, at least two of the assets
having different life cycles, the visual asset management system characterized by: an inspection

device linkable to arn asset management database operable to store a life cycle performance for
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each of the plurality of assets, the inspection device comprising: an inspection software utility
that enables a user of the inspection device to (a) access an inspection template for conducting an
inspection of the plurality of assets, and (b) collect and/or generate inspection data associated
with a life cycle performance of the plurality of assets, the inspection data including one or more
images representative of the life cycle performance of particular assets; wherein the inspection
device links or facilitates linking the inspection data with the corresponding asset in the asset
management database so as to enable the analysis of the inspection data, including for allocation

of renewal resources among the plurality of assets, or a sub-set of such assets.

The present invention also provides a visual asset management system for optimizing inspection
and allocation of renewal resources among a plurality of assets, at least two of the assets having
different life cycle, the visual asset management system characterized by: an asset management
database operable to store a life cycle performance for each of the plurality of assets; an
optimization engine linked to the asset management database; and an inspection device linked to
or linkable to the asset management database, the inspection device operable to enable a user
thereof to: (a) access an inspection template for conducting an inspection of the plurality of
assets, and (b) collect and/or generate inspection data associated with a life cycle performance of
the plurality of assets, the inspection data including one or more images representative of the life
cycle performance of particular assets; wherein the inspection device links or facilitates linking
the inspection data with the corresponding asset in the asset management database so as to
enable the analysis of the inspection data, including allocation of renewal resources among the

plurality of assets, or a sub-set of such assets.

The present invention also provides an asset management method for optimizing inspection and
allocation of renewal resources among a plurality of assets, at least two of the assets having
different life cycles, the asset management method characterized by: (a) analyzing historical data
for each asset to generate a pool of repair decisions for each of one or more renewal periods; and
(b) optimizing the repair decisions across all the assets in accordance with one or more

constraints to allocate renewal of resources among all the assets for each of the renewal periods.

In this respect, before explaining at least one embodiment of the invention in detail, it is to be
understood that the invention is not limited in its application to the details of construction and to

the arrangements of the components set forth in the following description or illustrated in the
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drawings. The invention is capable of other embodiments and of being practiced and carried out
in various ways. Also, it is to be understood that the phraseology and terminology employed

herein are for the purpose of description and should not be regarded as limiting.
DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates prior art asset maintenance and repair in accordance with the prior art.

FIG. 2 illustrates a system in accordance with the present invention.

FIG. 3 illustrates an example of an inspection device in accordance with the present invention.
FIG. 4 illustrates an example of an asset hierarchy.

FIG. 5 illustrates an example of an asset management data structure.

FIG. 6 illustrates an example of the user interface of the inspection system.

FIG. 7 illustrates a custom deterioration curve for an individual asset instance.

FIG. 8 illustrates the second step of the deterioration model, in which the predicted future DI

from the first step niay be converted into corresponding defect severities.

FIG. 9 illustrates an example of future severities.

FIG. 10 illustrates the MOST analysis.

FIG. 11 illustrates a repair scenario for an asset having four deficiencies

FIG. 12 illustrates determination of replacement cost.

FIG. 13 illustrates expected performance as the average of the DI values of the various years.
FIG. 14 illustrates network-level optimization carried out using three alternatives.

FIG. 15 illustrates an example of applying year-by-year binary optimization using Genetic

Algorithm based on%historical data for all assets in the asset network.

FIG. 16 illustrates the results optimization on networks with large numbers of instances.
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FIG. 17 shows a portion of a simple statistical analysis.
FIG. 18 illustrates an example of historical data for a sample of 88 schools.
FIG. 19 illustrates a subset of the data shown in FIG. 18.
FIG. 20 illustrates a further subset of the data shown in FIG. 18.
FIG. 21 illustrates a further subset of the data shown in FIG. 18.
FIG. 22 illustrates logical trends revealed in the optimization.
FIG. 23 illustrates two indicators of asset condition.

FIG. 24 illustrates comparison between the predictions of condition based on cost versus those

based on the number of work orders.
DETAILED DESCRIPTION

The present invention provides a system, method and computer program for visual asset
management optimiiation. More specifically, the present invention enables management of the
renewal of a plurality of assets, each having a life cycle, which optimizes the allocation of
inspection and funding resources across the various renewal requirements. The phrase “asset
management” is used herein to refer to capital asset renewal. Correspondingly, the term
“renewal” is used herein to refer to repait/rehabilitation/replacement of an asset which is
intended to improve% the condition and the overall performance of the asset. Among the plurality
of assets, one or mbre of the assets may have different requirements than one or more of the
other assets. For exémple, the present invention can be applied to asset management for civil
infrastructure, fleet ?owners or any other owner of asset inventories, such as in oil and gas
(pipelines), industrial facilities (such as manufacturing, processing facilities), bridges, nuclear
facilities, power dis}tribution, highway renewal etc. The present invention also enables visual
asset management 1n which 2D, 3D, video, GIS, and/or sensor systems may be used to collect,

analyze, support, and visualize asset management data and decisions at all levels of decision

making.
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The present invention provides a method of optimizing and an optimization engine for
optimizing, the allocation of resources across the various requirements. The optimization engine
applies a two stage optimization algorithm that is operable to conduct optimization that would
otherwise require significant time and computer resources. The optimization algorithm may be a
Multiple Optimization and Segmentation Technique (MOST), which acts as a strategic decision
support to optimize decisions, quantify the impact of various funding scenarios on asset
performance, and conduct a variety of what-if scenarios. The optimization algorithm may begin
by conducting a set of small asset-by-asset optimizations (instance-level) that determine the
optimum repair scenarios for the particular asset in different years, or any other renewal
frequency as determined by the asset owner. The resulting pool of best yearly repairs may then
be used as inputs to the network-level, to formulate yearly optimizations, which determines the
assets worthy of repair. As such, both repair timings as well as repair types are optimized within
optimizations of a manageable size. It should be understood that while the disclosure discusses

the use of a year as a renewal frequency, any renewal frequency could be used.

The optimization algorithm may conduct instance-level optimization based on historical data,
which may include maintenance and repair data for the specific assets provided by the asset

owner.

The present invention also provides an inspection planning utility that links inspection data with
visualization data td enable the identification and localization of specific performance and
renewal issues. The inspection data may correspond to categorization of renewal issues and the
visualization data ﬁay include images, video, GIS and/or other sensor data to enable the
identification and localization of the renewal issues. The images, for example, may enable the
rating of severity of renewal issues for example by comparing them to other specific renewal
situations. In a speciﬁc example, the categorizations for specific renewal issues may be "low
priority”, "medium priority" or "urgent". A renewal issue may correspond to a roof, for example,
and the renewal issf;le may be reviewed easily by a manager by reviewing the priority and
checking the linked image to verify the justification of the prioritization. The inspection planning

utility may also enabfe auditing of results by selective review of images, etc.

The present inventioﬂ enables renewal-based asset management for a plurality of assets that each

have a life cycle, thlich can vary among the assets. The present invention enables performance
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assessment, deterioration modeling, repair selection, prioritization, and fund allocation. The
optimization engine tracks the dynamics of defects in each asset instance and uses a Multiple
Optimization and Segmentation Technique (MOST) to efficiently integrate instance-based and

network-based life cycle analyses.

FIG. 2 illustrates a system in accordance with the present invention. The system may be
implemented by a server computer linked to an asset management database, which may be one or
more centrally located or distributed databases. The server computer may further include or be
linked to: (1) a data coordination utility; (2) an inspection planning utility; (3) an optimization

engine; and (4) a visual reporting utility.

The server computer may be accessible by an inspection device, for example by wireless real
time access to the server computer by the inspection device or periodic synchronization between
the server computer éand inspection device, for example by a wired or wireless synchronization
link. FIG. 3 illustrdies an example of an inspection device in accordance with the present
invention. The inspejction device may include a display means and an input means, such as a
keyboard, stylus or touch screen for example. The inspection device may also include or be
linkable to an image obtaining means, such as a camera. The inspection device may also include
a positioning means, such as a GPS receiver, and other sensors, to assist in asset identification. A
user may operate the inspection device to access the server computer by means of the inspection

planning utility.

The inspection device may enable, be linked to , or be part of a visual asset management system
for optimizing inspéction and allocation of renewal resources among a plurality of assets,
wherein at least two of the assets have different life cycles. The inspection device may be
linkable to the asset imanagement database, for example by means of the server computer. The
asset management database may store a life cycle performance for each of the plurality of assets.
The inspection device may comprise an inspection software utility that enables a user of the
inspection device to (a) access an inspection template for conducting an inspection of the
plurality of assets, and (b) collect and/or generate inspection data associated with a life cycle
status of the pluralEity of assets. The inspection data may include one or more images
representative of the %life cycle status of particular assets, for example indicating a time stamped

image indicating state of repair or state of renewal of the particular asset, or a particular portion
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of the asset. The inspection device may link or facilitate, for example by communication with
the server computer, linking the inspection data with the corresponding asset in the asset
management database so as to enable the analysis of the inspection data, including for allocation

of renewal resources among the plurality of assets, or a sub-set of such assets.

The inspection device may, for example, consist of a handheld computing device. Optimally, the
inspection device is a wireless handheld computing device, whether a purpose built device or a
wireless handheld computing device that includes a client application for providing the functions
described or a mobile browser that is operable to access the functions described via a remote
server computer over an Internet connection made available to the device. The inspection device
may be, for example, a laptop, tablet, smartphone, slate computer, etc. equipped with a processor
capable of executing the inspection software utility. Alternatively, the inspection device may be
linked by network to a remote processor that is operable to execute the inspection software

utility, for example in a cloud-based implementation.

The visual inspection template may include a floor plan of a facility that includes one or more of
the plurality of assets. The floor plan may be a two dimensional image or a three dimensional
model for example. The user may select the asset for inputting inspection data by selecting the
asset on the inspection device, such as by selecting it on the display means. The inspection data
may comprise a condition category for the asset and/or one or more images obtained by the
image obtaining means. The inspection device may further comprise a positioning means that
facilitates identification of assets on the visual inspection template. The positioning means may
be a geo-location utility for obtaining location data linkable to the inspection data so as to enable
the localization of the assets and/or inspection data for the assets that relate to renewal

requirements.

The inspection data stored in the asset management database can be used by the optimization
engine for optimizing inspection and allocation of renewal resources among the plurality of
assets, or a sub-set thereof. The optimization engine may further optimize inspection and
allocation of renewal resources based on historical data. The historical data may include

preventive and reactive maintenance and repair data for the assets.

The optimization engine may apply a two stage optimization algorithm. The first stage may be

operable to optimizé the inspection and allocation of renewal resources on an asset by asset
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basis. The second stage may be operable to optimize the inspection and allocation of renewal
resources across the plurality of assets based on the optimization from the first stage and one or

more resource constraints. The resource constraints may include budget constraints.

Optimizing inspection may include optimizing an inspection schedule. The inspection schedule
may restrict inspection of the plurality of assets to a subset of the plurality of assets for a
particular inspection period. The subset of the plurality of assets may be selected by analyzing

the historical data for the assets to determine likely deterioration of each of the assets.

The data coordination utility may be accessed by a user interface from the server computer or
optionally the inspection device. The data coordination utility may enable creation of an asset
instance for each asset. The data coordination utility may enable an administrator (such as the
owner, or an agent of the owner, of the plurality of assets) to create asset instances for each type
of asset. Each asset instance may include a name, description or index for the asset instance and
performance assessment data, which may include at least one inspection resource, at least one
renewal strategy, at least one performance category, at least one deficiency and at least one
distress along with importance weights according to desired inspection detail. Performance
categories include physical condition, Level Of Service, Risk of Failure, Sustainability, and
Green performance. Renewal strategies, deficiencies, distresses and weights may be configured
based on historical data for the specific asset instance, asset, class of asset, location of asset, or

other aspect of the asset instance.

The administrator may create an asset hierarchy for one or more of the asset instances. The
hierarchy may correspond with the use of the asset instance among other assets instances (for
example, an asset instance that is a subcomponent of another asset instance may be related in a

child-parent relationship in the asset hierarchy). An example of an asset hierarchy is illustrated in
FIG. 4.

The created asset instances and associated asset hierarchy may be stored to an asset management
data structure on the asset management database. The asset management data structure may
enable further input of various conditions, defects and/or distresses, along with their severity
level, size, and visual locations that may be entered during inspection. An example of an asset
management data structure is shown in FIG. 5. In this example, specific defects can be defined

during inspection and defects can be increased in deterioration yearly. A repair strategy may be

10
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represented as a binary vector that responds to the most severe defects. Accordingly, repair costs

may be calculated and after-repair defects may be set to zero, indicating an improved condition.

During inspection, the data coordination utility enables performance assessment. Performance
assessment can be performed using various methods including: visual inspection, photographic
and optical methods, non-destructive evaluation methods, and smart sensors. Among these

methods, visual inspection may be a most suitable approach for the majority of building assets.

Correspondingly, the visual reporting utility may provide a comprehensive GIS-based
visualization subsystem to provide asset owners with powerful location-based reports. It may
automate the generation of visual reports that show all details across the asset inventory. This
enables better visualization of all data and decisions of the entire asset inventory such as

chronological condition changes, expenditure variations, demographical factors, etc.

The inspection device enables visual inspection and visual reporting in accordance with the
present invention. The inspection device may provide a user interface to provide a user with: 0))
an asset hierarchy of asset instances and components of asset instances; (2) color coding to mark
the location of Good, Fair, Poor and Critical (or other rating system) items directly on a digital
floor plans; (3) means to provide images, for example using a built-in digital camera, to
effortlessly capture and store pictures of inspected items in its associated asset database location;
and (4) a built-in pictorial database of assets at different conditions, as a visual guidance during

inspection to reduce subjectivity. An example of the user interface of the inspection system is
shown in FIG. 6.

For a detailed condition assessment, the inspector may for example evaluate the severity of
various defects associated with the asset or asset instance being inspected asset (e.g., Boiler no.
1, or a group of East-side aluminum windows, etc.). Asset instances may be defined by the user
(inspector) to represent a group of similar objects that belong to a certain asset. The inspection
process, which can also be referred to as a distress survey, may compute the deterioration level
of an instance depending on the observed severity levels entered during inspection. Based on the
inspected severities for an instance with (d) possible defects, a Deterioration Index (DD), on a
scale from 0 to 100 for example, may be calculated. A DI value of 0 may imply excellent

condition (no deterioration), while a DI of 100 may imply an extremely critical condition. DI

may be calculated by the formula:
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Where (S;)s are the inspected severities on a scale from 0 to 100, and (W;)s are the weights of the
various defects, which reflect their relative impacts on the overall condition of the instance. The
weights may be obtained through historical data. It should be noted that the defects with highest
severities (S;)s reflect the areas where repair is most necessary. The severities also increase (i.€.,
get worse) with time, according to a particular deterioration pattern, and accordingly repair needs

may change. These increases may also be obtained through historical data.

The inspection planning utility may be accessed from the inspection device. The inspection
planning utility may include a graphical user interface that displays to a user, by means of the
inspection device, a two or three dimensional plan of the asset, facility in which the asset
instance is located and/or environment surrounding the asset instance. A user of the inspection
device may select the asset instance, for example by the input means of the inspection device,
and provide the inspection device with images of the asset instance taken during inspection, for
example by the image obtaining means. The images may be linked to the asset by the inspection
planning utility to create a visual database (2D, 3D, and/or video) of historical cases of various
asset conditions as guidance for future inspection. The images may also be linked to the asset
instance in the asset management data structure for recalling the image during post-inspection
verification, for example by a supervisor to confirm that the correct deterioration rating has been
indicated. The positioning means of the inspection device may also be used to provide location

information of the asset instance in the asset management data structure.

The optimization engine may prioritize inspection and renewal of the asset instances. The
optimization engine may provide a two stage optimization algorithm that includes condition

prediction, deterioration analysis and/or MOST analysis.

Condition prediction may use historical data to develop indicators of asset condition, without
inspection. This reduces the amount of indiscriminate and resource demanding inspection Vvisits
and identifies and directs available inspectors towards top priority assets. Condition prediction
applies historical data to develop an automated condition prediction system for assets. Using

statistical analysis on the historical data, two indicators of condition may be determined: (1) the
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number of the previous year’s work orders for the asset based on the historical data; and (2) the
total cost of the previous year’s work orders for the asset based on the historical data. Based on
these two indicators, threshold values for each condition category may be determined. For any
asset instance, when the condition prediction is the same from the two indicators (i.e., poor
condition), then it may be considered certain that the asset instance is in poor condition, without
inspection. On the other hand, when the condition indicators provide conflicting estimates,
particularly if one indicates a poor or critical condition, then the asset instance may be highly
prioritized for inspection. Once all top priority asset instances are identified, the procedure may
then schedule the work of the inspectors among them to conduct inspection, refine the data and

confirm asset condition.

Historical data is used not only to develop a generic model for predicting the deterioration of an
asset (e.g., roof), but also to customize the generic model to each instance of that asset (e.g., old
Gymnasium roof for School no. 9). As shown in FIG. 7, a Markov Chain approach may be used

to generate deterioration curves for the asset based on historical data for the asset instances.

The deterioration analysis may provide a custom deterioration curve for each asset instance by
optimizations based on the condition assessment data and historical data. The deterioration
analysis may be initiated whenever a user updates condition assessment data for an asset
instance. The custom deterioration curve may consider the implicit impact of the operational
environment of each asset instance and any unforeseen parameters that affect the asset instance’s
rate of deterioration. The custom deterioration curve not only predicts the future deterioration
index of an asset instance in any year but may also translate this future deterioration into

predicted severities of defects, which may define specific repair needs in that year.

The custom deterioration curve is developed for each individual instance, knowing its specific
inspection history. In the particular example shown in FIG. 7, an asset instance is the aluminum
windows on the east-side of a specific school. The Markov Chain optimization may then be used
to determine the values in the Transition Probability Matrix (TPM) that generate a deterioration
curve that best corresponds to the data trend, and the previously inspected DIs for that asset
instance (two points shown). This approach to deterioration modeling is more advantageous than
using a generic curve for an asset, as it considers the variability in performance among asset

instances and the impact of their specific operational environment. Once the custom deterioration
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curve is developed, it can be used to predict (extrapolate) the DIs in future years of the planning

horizon. These future DIs may represent the deterioration indexes under no-repairs.

FIG. 8 illustrates the second step of the deterioration model, in which the predicted future DI
from the first step may be converted into corresponding defect severities. Since DI increases with
time (i.e., condition worsens), the deficiencies may be expected to reflect increase in the
severities. The calculation of the future severities, however, is not a straightforward task. One
practical approach is to increase the inspected severities (e.g., year 1 in FIG. 8) proportional to
their relative values, so that Eq. 1 is used to determine the predicted (DI) in future years. Once
the future severities are determined, they may represent defined defects that need to be repaired

in the future. An example of future severities is illustrated in FIG. 9.

The MOST analysis simplifies the integration of project-level and network-level decisions in
large-scale networks of assets. The MOST analysis is illustrated in FIG. 10. In essence, it applies
many small-size optimizations at the project-level (asset instance level) to generate a pool of best
repair decisions, optimized in terms of cost efficiency, under various discrete possibilities at the
network level for each year (e.g. year 1, year 2, etc.). Afterwards, the MOST analysis may apply
a network-level optimization that uses this pool to focus on the objective of maximizing asset
condition on a network-level in a straightforward and simple formulation. MOST may include

repair modeling and prioritization and fund allocation.

The MOST analysis may start by conducting a set of small asset-by-asset optimizations that
determine the optimum repair scenarios in different years, for example for each of five
consecutive years. The resulting pool of best yearly repairs may then be used as inputs to the
network-level, to formulate yearly optimizations, each determining the assets worthy of repair.

As such, both repair timings as well as repair types may be optimized.

Repair modeling may provide a representation of a repair scenario that can be used within a
simple optimization formulation to determine the least-cost strategy to repair the defects in a
given year, to an acceptable level. The process may be repeated for each year in the planning
horizon separately to generate a pool of possible repairs, along with their cost estimates and
expected condition improvement. Because it takes time to carry out multiple optimizations for
each instance in the large building inventory, repair modeling can provide optimization using

distributed processing time. As such, upon user entry of condition assessment data for any asset
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instance, the optimization process may be automatically activated to first generate a custom
deterioration model, and then generate the best repair options. Therefore, repair modeling may be
carried out in parallel with the condition assessment and deterioration modeling processes to

save time.

To facilitate these decisions for a large-scale network of assets, the analysis may be segmented
into a series of sequential optimizations to reduce problem size, without compromising the two
objectives of best network condition and also best value for money. The MOST analysis may be
performed first at the instance level. For example, given a 5-year planning horizon, five small
optimizations may be carried out for each asset instance, separately, to determine the best repair
scenario (cheapest repair to keep the instance at acceptable condition), one year at a time. Thus,
each small optimization is only for one asset instance, one year. For example, in year 2 a best
repair scenario for an asset instance may be to repair its defects no. 2, 4, and 5, while in year 3 its
best repair scenario is to repair its defects no. 1, 2, 3 and 5. The resultant of all small
optimizations in this example may comprise a pool of six best-repair scenarios for each asset

instance (5 best repair scenarios in years 1 to 5, plus a do-nothing).

The whole pool for the asset instance may then be used as input to a network-level optimization
that decides the asset instances’ best repair timings. In essence, network-level optimization
selects for example one of the six best-repair scenarios for each asset instance, so that the overall
asset network condition is maximized over the planning horizon, respecting user defined
constraints. For example, if the asset instance is decided to be repaired in year 2, then its best-

repair action becomes automatically defined.

At the instance-level, it is possible to define a repair scenario (RS) as a combination of actions
towards repairing a list of deficiencies based on their severities. FIG. 11 illustrates a repair
scenario for an asset having four deficiencies. For example, if the asset has four deficiencies (D1,
D2, D3, and D4), one possible repair scenario is represented in the binary form as (1, 1, 0, 1),
which implies repairing deficiencies D1, D2, and D4 and keeping deficiency D3 without repair.
If the number of deficiencies is (d), then the possible number of repair scenarios in any year is
equal to 2%, All possible scenarios are assumed to be valid and feasible (a filter to check the
practicality of any repair scenario may be optionally provided). Among the various repair

scenarios, however, it may be necessary to identify the cheapest scenario that brings the
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condition of the instance to an acceptable level. To facilitate this analysis, the optimization
algorithm may include a cost estimation model and also a model for estimating the resulting

improvement in the instance condition due to the repair.

For each RS, it is possible to calculate its repair cost as a percentage of the total instance
replacement cost, based on two simple assumptions: (1) repair cost for a defect (as a percentage
of full replacement cost) is proportional to the weight of this defect; and (2) repairing one defect
individually will cost for example 25% more than its share of replacement cost. Based on these
two assumptions, the total cost (TC) of any repair scenario (as a percentage of the instance
replacement cost) can be calculated by summing the costs of repairing all the defects of this

scenario (Eq.2), as follows:

4
TC(%) = 2'1.25 *W,. * RS, {2)

=1

An example of this analysis is shown in FIG. 12, where a repair scenario is associated with a
total cost of 75% of the instance replacement cost (calculated using Eq. 2). To convert repair cost

to actual dollars, Eq. 3 may be applied as follows:
EiIRCj =TC . x Zj « SCRC 3)

where, $IRC is the instance repair cost in dollars, TC is the repair cost (obtained from Eq. 2) as a
percentage of instance replacement cost, (Z) is the instance relative size (e.g., 20% of roof area
will be repaired), and the $CRC is the total replacement cost of the asset (e.g., all the roof). The
$CRC can be obtained from the organization’s replacement cost tables for any asset per unit (a

unit can be square foot of gross school area or square foot of educational area).

In addition to estimating the cost of a repair scenario, it is possible to estimate the after-repair DI
(ARDI). This is easily accomplished by looking at the repair scenario and assigning 0 severities
to the defects that will be repaired (the last column in FIG. 13). Accordingly, carrying out a
repair scenario (RS) in year k, the instance’s after-repair condition (ARDIy) may be calculated

using Eq. 4:
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ARDI , ==L @

In the example repair scenario shown in FIG. 12, ARDI; is 10.4, which is a large improvement
from the 39.3 deterioration index (DI) before repair. Upon formulating the analysis of any repair
scenario, it is possible to analyze all the 29 repair scenarios in each year using optimization to
determine the best repair scenario for that year, and repeat the process for all the five years. The
optimization variables are the repair options (1 or 0) associated with the defects. The objective
function may be to minimize the repair cost (Eq. 2) under two constrains: (1) the after-repair
deterioration ARDI should be less than or equal to a desired value (acceptable deterioration
level); and (2) the cost should not exceed a given limit. In this formulation, the cheapest scenario

that meets the acceptability level may be determined.

As an alternative to minimizing cost, it is also possible to maximize the benefit/cost (B/C) ratio
of the repairs. This, however, may end up spending more on an instance to keep it at best
condition. Because budget may be limited, a strategy that reduces expenditures and gives
preference to critical instances may be used. It should be noted that the optimization algorithm
need not use a fixed value for the acceptable deterioration constraint used in the optimization.
Rather, a more practical approach may be to set the limit relative to the importance of the
instance using a relative importance factor (RIF) that can be determined from historical data. The
RIF values may range from 100 (most important) to 0 (least important) and reflect the asset’s
impact on safety, functionality, and other assets. The higher the RIF of an asset, the more desire
to repair the asset to a better condition. Thus, the constraint for each asset may be set as (100-
RIF). Because of the small size analysis involved, optimizing the repair scenario for an instance

in a given year becomes fast and easy to do.

At the network-level, the small instance-level optimizations may be used. The instance-level
optimizations produce best potential repair actions for each instance in alternative years 1 to 5.
Added to these, a no repair (0) decision is also an option. It is possible then to consider this pool
of best repairs as inputs to a network-level analysis to determine the best year to repair each asset
instance. As the optimization will cover a large network of assets, it is expected to be a large-

scale optimization problem. Hence, a non-traditional optimization technique, Genetic Algorithms
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(GA) is used, as an example of a large group of solutions called Evolutionary Algorithms that

may be applied to that problem.

To formulate the network-level optimization, it is important to quantify both the benefit gained
from a decision (selecting an instance for repair at a specific year), as well as the cost involved.
Prioritization and fund allocation may provide a year-by-year formulation using Genetic
Algorithms, and determine the best year of repair for each asset instance, maximizing network
conditions. For larger numbers of asset instances, fund allocation based on simple ranking may

be efficient.

In terms of benefit, it is possible to calculate a representation of the impact of selecting an
instance (j) to be repaired in year (k), termed the “Expected Performance” (EPji) of this instance,
and evaluated at the network-level. Such performance embodies the impact of repair timing on
the deterioration before-repair, the improvement due to repair, and the deterioration in future
years. As such, the expected performance may be quantified as the average of the DI values of

the various years (as shown in FIG. 13), using Eq. 5, as follows:
EP, = dverage(DI;), Vi< Planning Horizon <y

As shown in the example given in FIG. 13, in the case of no repair, the expected performance
(average of all values shown) is 60, which indicates high deterioration. If this instance is repaired
in the fifth year, the expected performance becomes 51.7, showing little improvement. However,
if the instance is repaired in the third year, its expected performance improves to become 35. As
such, the expected performance represents a single measure of the impact of a repair on the

planning horizon. This measure, therefore, becomes useful at the network level.

Assuming that the repair-year decisions for the instances become known (after network-level
optimization), the consequent network deterioration index (DIy) can be calculated, on a scale
from 0 to 100 for example, by averaging the instances’ expected performances (EPs), weighted

by their relative importance factors, as shown in Eq. 6:

2 (RIF, % EP,)
DI, =- ¥ j € the Network (N)

> &,

o=
iy
e
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The network condition (DIy) thus reflects the impact of the instances’ repair timings on the
overall network. It should be noted that as the decisions regarding the year of repair of each
instance directly impact the network (DIy), it may also accumulate repair costs for each year of
the planning horizon. To optimize network-level decisions, the objective function may be to
minimize the overall network deterioration index (Eq. 6) by selecting the best year to repair each
asset. The yearly budget limits may represent the main constraint for the optimization (Eq. 7),
where the sum of costs for all instances repaired in year (k) which should be less than the yearly
budget in that year ($By), where $IRCj is the instance’s repair cost in year k, calculated using

Eq. 4.

> $IRC, < S$B, vk ™
i

It is possible to design and implement network-level optimization in different ways; each has its
unique formulation and corresponding solution quality. At least three alternatives may be
provided, as illustrated in FIG. 14: integer optimization, one binary optimization and year-by-

year binary optimizations.

Integer optimization provides an integer representation of N variables (for N instances), where
each variable can take one of six values (0 to 5) representing the repair year. Alternatively, the
one binary optimization may apply linear binary representation that considers all years at the
same time. This, however, increases the number of variables to 6N. To reduce search space,
therefore, a year-by-year binary optimization provides yearly optimizations of a much smaller
search space (2N) that may be used to determine the best decisions for each year, consecutively,
that maximize the overall network condition at the end of the plan. One of the major benefits of
this representation is that after the instances are selected in one year, they do not enter into
competition in further years. As such, the yearly network optimizations become less in size, year
after year. Also, the optimization maintains focus on one objective of maximizing overall
network condition, without tradeoff, since the pool of decision options (repairs) was already
optimized at the instance level in terms of cost efficiency. An example of applying year-by-year
binary optimization using Genetic Algorithm based on historical data for all assets in the asset

network is illustrated in FIG. 15.

Example
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In a particular example, historical data was collected from the Toronto District School Board
(TDSB) related to 800 asset instances from 40 schools. The asset instances represent the top
assets of concern to the TDSB, including windows, roofing, boilers, and fire alarm systems.
Once this historical data was entered and processed, various optimizations were conducted. A
$10 million dollar yearly budget limit was used for the experiments to allow noticeable
performance improvement to be made. Before optimization, the overall network condition was
54.32. To try improving network condition based on priority ranking, first, the instances were
ranked based on their weighted before-repair condition (column (a) in FIG. 15) and repairs were
allocated to top deteriorated instances in each year, successively, until the budget limit was
exhausted. The result of this process (often the only mechanism used by asset owners) improved
network condition to a deterioration level of only 44.89. An optimization experiment was then
conducted on the 800 instances and the year-by-year optimization improved the overall network
condition much further, to a deterioration level of 33.18, as shown in FIG. 16. Optimization took
an average of five minutes each year to reach this result. This shows that optimization

substantially improved network-level decisions.

The results of many other optimization experiments on networks with larger numbers of
instances are summarized in FIG. 16. To facilitate comparison of results, larger-size networks
were created by repeating the 800 instances several times, and adjusting the budget limit
accordingly. As expected, there has been a noticeable degradation in optimization performance
as the network size increases (search space gets exponentially larger). Despite the degradation,
even at 6400 instances (320 schools simultaneously), optimization performance was still better
than simple ranking. Thus it may also be beneficial to segment the network into subsets for

separate optimization, if desired.

After the MOST analysis was carried out, an effort was made to test the results against a set of
logical trends. FIG. 17 shows a portion of a simple statistical analysis of the results. As shown in
the left side of the figure, the percentages of instances with high, medium, and low importance
that were not repaired are shown and indicate that none of the instances with high importance
were omitted. The right side also shows that a large percentage of the instances with high
importance instances are selected for repair in year 1 (the rest of these high importance instances
are repaired in the second year). It can be concluded from this simple test that the optimization

provides reasonable selections for the instances to be repaired in various years of the plan. Such
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a simple test is beneficial and indicates the importance of establishing standard metrics to judge

the performance of asset management systems, which is beyond the scope of this paper.

Based on its formulation and performance, the present invention proved to work efficiently as a
repair-based asset management system. It has a unique focus on tracking the dynamics of defects
in the various building assets and in optimally repairing these defects. The main strength of the

system stems from its MOST integration of instance-level and network-level decisions.

Several extensions may be provided to the system of the present invention, including: adding a
feedback mechanism to record and/or update actual costs and repair actions to help in refining
repair estimates; applying the system to other types of assets; and using GIS and visualization
techniques to present inputs and outputs, such as condition indices, level of funding, backlog,

and actual versus planned data.
Example

In another example, historical reactive-maintenance data for a sample of 88 schools were
obtained from a SAP system at the TDSB (FIG. 18). The data in FIG. 19 all belong to one
geographical area (North East, NE) out of four administered by the TDSB. Also, as shown in the
table, four families of schools (each family contains about 24 schools) are sampled. From each
sample school, two types of historical data were collected: (1) general school data (FIG. 19)
which included information about the school type (elementary or secondary), construction year,
size (in square metres), and replacement value (in dollars); and (2) maintenance work orders
(FIG. 20) for the years 2005 and 2006, including work description, code, priority, actual cost,
and repair duration. Data was collected for two years to ensure consistency in the conclusions to
be drawn from one year to the next. Acquiring this data was an extensive task due to the large
size and confidentiality of the data. A total of 41,642 work orders were extracted. Once the data
were collected, the data was sorted, grouped, and linked to prepare the data for statistical
analysis. Preliminary analysis of the data identified 23 building systems. The building that

required the most maintenance (or repair work orders) are highlighted in FIG. 21.

After preliminary analysis, the data of each building system was analyzed separately to test
whether a relationship exists between the system condition and the yearly work orders. Such a

relationship will be beneficial for predicting the condition of a system from available
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maintenance data, without inspection. As an example, the analysis was carried out on the 2005
and 2006 data for the HVAC systems. The results in FIG. 22 show logical trends: the older the
system, the worse its condition, and consequently, the more the work orders it experiences. This
proves that the number of work orders is a good indicator of condition. A similar analysis proved

that the cost of work orders is another good indicator of the condition of assets.

Based on the proven relationship shown in FIG. 22, analysis was continued to establish a
condition indication mechanism. Because each family of TDSB schools has a consistent
environment and similar demographical influences, a subset of the data that represents the
HVAC systems in elementary schools of the NE1 family only were used in further analysis. This
ensured the consistency in the behaviour of the HVAC systems across similar schools and makes
the prediction system suitable to their environment. Using the HVAC data, as such, the two
indicators of asset condition: “cost of work orders” and “number of work orders” were used to
develop two charts, as shown in FIG. 23. FIG. 23a shows the total costs of the HVAC work
orders (normalized based on school area) for each of the 20 schools in the NE1 family, sorted in
an ascending order. This data was used to define four equal zones related to the Good, Fair, Poor,
and Critical condition categories. The maintenance cost ranges that define the four condition
categories were thus determined, as shown in FIG. 23a. Similarly, another chart (FIG. 23b) was
generated to define the HVAC condition based on the total number of maintenance work orders.
For validation purposes, different segments of the data (i.e., for different school families) were
used to confirm the condition ranges defined. The result of this analysis shows that the condition
ranges are reasonable and hence can be applied to the whole inventory of the TDSB schools. It
also proves that the number of work orders and their associated costs are good indicators of

condition.

The condition ranges in FIG. 23 were then used to compare the predictions of condition based on
cost versus those based on the number of work orders, as shown in FIG. 24. When the two
condition predictions (Estimate 1 and Estimate 2 in FIG. 24) are similar, it represents a high
degree of confidence in the predicted condition, thus eliminating the need to inspect that asset.
Contradicting conditions, on the other hand, indicate some inconsistency and can thus be used to
prioritize which inspection tasks are needed in order to verify the true condition. The last column
in FIG. 24, for example, shows only six schools of the 20 being selected for inspection, where

top priority is assigned to the schools that show a critical condition in either of the two
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predictions. It should be noted that the schools that show Fair and Good conditions for their
assets are not given priority for inspection. Once this process is repeated and all the inspection
tasks are defined and prioritized for all the building systems, it is possible to schedule them

depending on the available inspection resources within the organization.

This process can be applied each year when all the reactive-maintenance data from the previous
year is collected and used to estimate asset conditions and all the inspection tasks for the next
year can then be defined. Thus, one of the key benefits of this condition prediction process is that
it provides the ability to perform condition analysis on a yearly basis, without dependence on

statistical deterioration models, which are inaccurate and require a great deal of data.

It should be understood that the deterioration model may be modified depending on the
application of the technology of the present invention, and depending on the nature of the asset,

while continuing the use of the two-stage optimization approach described herein.

It should be understood that this Example is provided to illustrate the operation of the present
invention but is not meant to limit the application of the invention in any way. It will be
understood by the skilled reader that the present invention can be used to provide asset
management for optimizing inspection and allocation of renewal resources in a number of
different areas. This is particularly the case where a relatively significant number of assets are
under management, and there is disparity among the assets as to their life cycle. The present
invention provides management an effective tool in allocating renewal resources efficiently.
Furthermore, the task of collecting from the field up to date information regarding the current
performance of assets is time consuming, and may require collection of the data from a variety of
different locations that may be spread out geographically. The present invention makes the
collection of the information systematically and accurately easy and efficient. Inspection of
assets, compilation of data, and especially analysis of data for optimization purposes based on
prior art methods may require the use of skilled staff. The present invention supports more
accurate data collection, avoiding errors by guiding this systematic collection of the relevant
information. Furthermore, the information collected is organized in the asset management
database automatically or semi-automatically thus reducing the work required to support

optimization of the use of the renewal resources.
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The ability to analyze the information across multiple locations, asset types, problem severity
and other categorizations enables the centralization of the renewal resource management role, for
greater efficiency and also more expert exercise of this role. The built-in audit functionality
described above also enables a manager remotely to selectively review the work of on-site
inspectors in a way that is not possible based on prior art solutions. This allows improvements to
be made in the quality of the information and based on this the allocation decisions made by the
organization, by identifying problem areas in the work down by specific inspection personnel,

for example by identifying the need for specific training, etc.

Other areas of application of the present invention include renewal of other assets such as oil and
gas pipelines and refinery installations, industrial installations with multiple devices or
components requiring renewal (such as for example production lines or assembly lines in
manufacturing or processing), highway renewal, renewal of power distribution grids, or
buildings with multiple renewal requirements (such as hospitals), and so on. It should be
understood that the present invention may be modified for example as a fleet management tool,
enabling for example ongoing collection of information regarding vehicle maintenance/renewal

requirements, and optimization of allocation of maintenance/renewal resources.
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CLAIMS

A visual asset management system for optimizing inspection and allocation of capital
renewal resources among a plurality of assets, at least two of the assets having different

life cycles, the visual asset management system characterized by:

an inspection device linkable to an asset management database operable to store a life

cycle performance for each of the plurality of assets, the inspection device comprising:

an inspection software utility that enables a user of the inspection device to (a)
access an inspection template for conducting an inspection of the plurality of
assets, and (b) collect and/or generate inspection data associated with a life cycle
performance of the plurality of assets, the inspection data including one or more

images representative of the life cycle performance of particular assets;

wherein the inspection device links or facilitates linking the inspection data with the
corresponding asset in the asset management database so as to enable the analysis of the
inspection data, including for allocation of renewal resources among the plurality of

assets, or a sub-set of such assets.

The visual asset management system of claim 1, characterized in that the inspection

device is a handheld computing device.

The visual asset management system of claim 1, characterized in that the inspection data

comprises a performance and/or condition category for the asset.

The visual asset management system of claim 1, further characterized by an image

obtaining means linked to the inspection device for generating the one or more images.

The visual asset management system of claim 1, characterized in that the visual
inspection template includes a floor plan of a facility that includes one or more of the

plurality of assets.

The visual asset management system of claim 5, characterized in that the floor plan is a

two dimensional image.
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The visual asset management system of claim 5, characterized in that the floor plan is a

three dimensional model.

The visual asset management system of claim 5, characterized in that the user selects the

asset for inputting inspection data by selecting the asset on the inspection device.

The visual asset management system of claim 1, characterized in that the visual asset
management system is further characterized by an optimization engine linked to the asset
management database, the optimization engine operable to optimize inspection and
allocation of renewal resources among the plurality of assets, or a sub-set thereof, based

on the inspection data stored in the asset management database.

The visual asset management system of claim 1, characterized in that the inspection
device further comprises a positioning means that facilitates identification of assets on the

visual inspection template.

The visual asset management system of claim 1, characterized in that the system includes
or is linked to a geo-location utility for obtaining location data linkable to the inspection
data so as to enable the localization of the assets and/or inspection data for the assets that

relate to renewal requirements.

A visual asset management system for optimizing inspection and allocation of renewal
resources among a plurality of assets, at least two of the assets having different life cycle,

the visual asset management system characterized by:

an asset management database operable to store a life cycle performance for each of the

plurality of assets;
an optimization engine linked to the asset management database; and

an inspection device linked to or linkable to the asset management database, the
inspection device operable to enable a user thereof to: (a) access an inspection template
for conducting an inspection of the plurality of assets, and (b) collect and/or generate

inspection data associated with a life cycle performance of the plurality of assets, the
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inspection data including one or more images representative of the life cycle performance

of particular assets;

wherein the inspection device links or facilitates linking the inspection data with the
corresponding asset in the asset management database so as to enable the analysis of the
inspection data, including allocation of renewal resources among the plurality of assets,

or a sub-set of such assets.

The visual asset management system of claim 12, characterized in that the optimization
engine further optimizes inspection and allocation of renewal resources based on

historical data.

The visual asset management system of claim 13, characterized in that the historical data

includes maintenance and repair data for the assets.

The visual asset management system of claim 12, characterized in that the optimization
engine applies a two stage optimization algorithm, the first stage operable to optimize the
inspection and allocation of renewal resources on an asset by asset basis, and the second
stage operable to optimize the inspection and allocation of renewal resources across the
plurality of assets based on the optimization from the first stage and one or more resource

constraints.

The visual asset management system of claim 15, characterized in that the resource

constraints are budget constraints.

The visual asset management system of claim 15, characterized in that optimizing
inspection includes optimizing an inspection schedule, wherein the inspection schedule
restricts inspection of the plurality of assets to a subset of the plurality of assets for a

particular inspection period.

The visual asset management system of claim 17, characterized in that the subset of the
plurality of assets is selected by analyzing the historical data for the assets to determine

likely deterioration of each of the assets.
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An asset management method for optimizing inspection and allocation of renewal
resources among a plurality of assets, at least two of the assets having different life

cycles, the asset management method characterized by:

(a) analyzing historical data for each asset to generate a pool of repair decisions for

each of one or more renewal periods; and

(b)  optimizing the repair decisions across all the assets in accordance with one or
more constraints to allocate renewal of resources among all the assets for each of

the renewal periods.
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Total Cost of Maintanance &

L s | : - RepairJob:
s a 3,212 $1,220 644
NE1
E 20 7,547 $2,356.848
. s 3 3,546 $1,197.581
8 NE2
& E 21 7,794 $2,538,071
> NE
N s 3 2,309 $830,203
3 NE3
® E 16 6,889 $2,197,496
s 2 2,857 $1,177.801
E 7.488 $2.452,824

*S=Se‘condary, E=Elementafy

FIG. 18
School No. Family Type Construction Year Size (m2) Replacement Cost ($)
1 NE1 S 1968 15219 $22,198,592
2 NE4 E 1981 3,730 $5.034,157
3 NE4 S 1976 22,964 $32,870,991
4 NE4 E 1984 5,661 $7.845,254
5 SwWz2 E 1910 9.844 $10,333 648
6 SE5 E 1958 1,941 $2.933,006
7 NEA £ 1975 3,492 $4,345726
8 NE1 E 1949 3,334 $6,304,845
9 NE4 E 1989 3,813 $4,811,851
10 NE4 E 1973 5,655 $5,887,526
FIG. 19
S(;:I:ﬂ  Year k Systini : Total Cost Act ($) Ordarno. Short Description Basic start | Bagic finish | P Codﬁig
10 2005 PLUMBING $95.50 50741244 repair & or remove asbestos 2005.04.28 | 2005.04.29 1 GC16
10 2005 PLUMBING $495.18 50790432 ] Fire Supr Sys Ann Insp A Berner Trail | 2005.10.11 | 2005.10.31 6 GJ02
10 2008 PLUMBING $211 56 50753748 , slop sink plugged 2005.05.26 | 20050531 2 | GOO1
10 2005 PLUMBING $928.04 50701218 floor drain backing up 2005.02.01 | 2005.0202 | 1 | GOO!
10 2008 PLUMBING $137.55 50808250 tap handels broken in girls wash room{ 2005.09.27 | 20051004 | 2 | GQOO2
10 2005 PLUMBING $132.23 50737849 kindergarten sink leaking behind wall. | 2005.04.25 | 2005.04.28 | 2 | GOO2
10 2005 PLUMBING $13223 50742776 plumber for sink taps slap sink 2005.06.02 | 20050614 1 3 { GOO2
10 2005 PLUMBING $105.78 50786670 service rm hot water taps leaking | 2005.08.22 | 20050825 | 3 | GOD2
FIG. 20
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(a) Estimating HVAC condition as a function of reactive maintenance costs
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School Conditicn Estimate 7| Condition Estimate Inspection

PG, Based on work order cost | Based on no. of work orders Priority
7 Good Fair

B Critical Critical

18 Fair Poor 2

23 Poor Poor

24 5004 Good

25 Gond Fair

28 Fair Fair

ar Fair Poor 2
43 o0 Fair

44 Foor Fair 2
54 (300d Fair

55 Poor Critical 1
51 00 Fair

5% Good Fair

7o 500 Fair

73 Fair Poor 2

51 Fair Fair

S0 Goond Good

G2 Critical Fair 1

92 50o0d Fair

* Priority 1 is for assets that is “critical” in Estimate 1 or Estimate 2.
** Priority 2 is for assets that is “poor” in Estimate 1 or Estimate 2.
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