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Overview

BACKGROUND

Since 1998, the Florida Department of Transportation (FDOT) has been implementing the Pontis® Bridge
Management System, provided by the American Association of State Highway and Transportation Officials.
As of late 2002, more than 16,000 public bridges and other structures located statewide have been inventoried
and inspected, including all bridges over 20 feet long and numerous sign structures, high-mast light poles, and
retaining walls. A centralized Pontis database with all of this information is accessible to, and primarily
maintained by, the eight district offices.

Front-line FDOT decisions regarding the maintenance, repair, rehabilitation, improvement, and replacement
of more than 8,000 state-maintained bridges and other structures are made by District Structures and Facilities
Engineers (DSFEs). On a few major routes some of this decision-making responsibility has been delegated to
consultants through Asset Management contracts. The DSFEs and their staff also provide technical assistance
and inspection services to local governments for more than 8,000 additional structures. As in most
transportation agencies, decision-making authority is shared: DSFEs initiate work plans, but these are
negotiated in an annual process with the Headquarters Maintenance Office, from a policy perspective, and the
Work Programs Office, from a funding perspective.

The Department has engaged in a series of research projects to adapt Pontis to its own needs and to provide
the necessary planning input data for the system’s decision support models. These efforts have resulted in
several products:

e A new user cost model with economic parameters derived from earlier research within Florida. A
significant part of this model is a new accident risk model based on bridge roadway width, approach
alignment, traffic volume, number of lanes, length, and functional class. This was developed using
Pontis bridge data and a Florida database of crash statistics (1).

e Unit costs of all maintenance, repair, and rehabilitation actions defined in Pontis for Florida’s
structural elements. Florida uses most of the AASHTO Commonly Recognized (CoRe) elements (2)
as well as a set of non-CoRe elements for moveable bridge components, sign structures, light poles,
decks, joints, and drainage systems. These were derived from historical project data in three existing
information systems, supplemented by expert judgment (3).

o Transition probability models to predict element deterioration for all Florida elements. These were
developed using an expert elicitation process (3).

In the current research several additional products have been developed:

e Failure costs, both the minimum cost needed in order to satisfy the requirements of the Pontis
network optimization model, and a maximum cost designed to represent the full economic impact of
allowing an element to fail.

e Truck height histogram, describing the fraction of the traffic stream composed of trucks above any
given height. This is used in estimating the detour costs associated with bridges having impaired
vertical clearance. The truck height histogram was derived from new measurements of actual traffic
using laser equipment.

e Truck weight histogram, describing the fraction of the traffic stream composed of trucks above any
given weight. This is used to estimate the user costs of bridges with low operating ratings. The model
was derived from weigh-in-motion data collected in Florida.

e User cost model for moveable bridge openings, contributing to the justification for replacement of
moveable bridges, which are quite numerous in Florida.



e A project-level decision support tool, incorporating Pontis network-level results along with all the
products of the earlier research, to give DSFEs a clear picture of the economic health of a bridge and
the economic implications of scoping and timing decisions for structure maintenance, repairs,
rehabilitation, improvement, and replacement.

The decision support tool is designed to be compatible with, and take advantage of, the existing Pontis
network-level models (4), but is intended to be used as a part of project-level decision-making. This means
adapting the Pontis economic definitions and life-cycle cost model so that they are most useful in the context
of individual structures, adding a few additional sub-models to address certain project-level concerns, and
building a display tool that is informative for scoping and timing decisions.

OBJECTIVES AND PHILOSOPHY OF PROJECT-LEVEL ANALYSIS

Pontis began in 1989 as a purely network-level model, and still in release 4.1 takes primarily a network-level
view of bridge management decision support. Florida, like most states, has decision-making processes at both
the network level and project level. The requirements of project-level decision support can readily be
explored by contrasting it with the network level:

o Network level focuses on the uniform processing of groups of bridges, while project level focuses on
just one bridge at a time.

o Network level inputs concentrate on uniform rules for scoping and cost estimation, while at the
project level engineers are expected to make these decisions individually.

o Network level analysis uses techniques, like simulation, suitable for automating decisions over large
groups of bridges, while the project level uses techniques that provide quick feedback on a larger
number of bridge-specific decision variables.

e The primary modes of presentation at the network level are lists of bridges and network-wide
summaries, while the primary modes at the project level are lists of elements and needs on one given
bridge, and predictions of future conditions and performance of that bridge and its elements.

o Network level optimization in Pontis most conveniently divides the inventory by element type, while
project level analysis divides it by bridge.

o Network level can use only data that can be cost-effectively collected systemwide. Project level can
use data that may be collected for only a few bridges.

o Network-level costing has, as its most important objective, using methods that produce network-wide
budgetary requirements that are sufficient and realistic, even if project-level estimates are imprecise.
Project level is more concerned with precision and realism of each bridge individually and not as
concerned that a methodology can be automated across the whole inventory.

o At the network-level, every bridge contributes probabilistically, in at least a small way, to the
expected value of funding requirements during the programming horizon. At the project level, only a
few bridges are realistically considered for implementation.

Obviously the network level and project level are very different. They are complementary, because both
perspectives can be used together in an agency’s bridge management process. They also are linked: the
network level contributes predictive models (e.g. deterioration, life cycle costs) needed by the project level for
evaluating possible outcomes of decisions; and the project level produces a set of candidate projects, with
costs and benefits, that can readily be used in a network level priority-setting and budgeting analysis.

Significantly, the project level perspective allows more data to be collected cost-effectively because such data
are needed only on a small number of bridges. Some of the most difficult issues in bridge management today
may benefit from this orientation. For example, a project-level deck analysis can incorporate material testing
data; cost models can include indirect costs and work zone user costs; and vulnerability analysis can focus on
those structures where vulnerability is an issue. The project-level analysis tool can be a powerful test-bed for
new research in these areas.



For more immediate use with currently-available knowledge, the main benefit of a project level model is the
ability for project level decision-makers, primarily the District Structures and Facilities Engineers (DSFES)
and others with which they must cooperate, to interact with Pontis data at a level with which they are
comfortable where they can take maximum advantage of the resources available in Pontis. Much of the usage
of the tool will be during an annual process of program negotiation known as “gaming,” which occurs during
the fall of each year for the program period beginning the following year.

LIFE CYCLE COSTING FRAMEWORK

An important goal of the research is to develop project-level models that can work in concert with the existing
network-level models of Pontis, relying on much of the same data and assumptions. This is a significant
challenge: Pontis models are mainly probabilistic, focused on the inventory as a whole and not as much on
individual bridges. The economic snapshot given by the project-level models needs to provide deterministic
project scopes and costs, and needs to evaluate candidates in a manner consistent with traditional life cycle
cost and net present value analysis.

The figure below presents a schematic example of a project level model framework designed to satisfy these
goals. The scale in the lower portion of the diagram shows the relationship in time between the point of
decision (“today™), the most recent inspection, the time frame in which candidate projects are to be developed
(start and end of program period), and the long-term outcome of the decision. On the vertical scale, filled
areas indicate cost streams during and after the program period. The line chart overlaid on this depicts the
typical pattern of bridge condition, expressed as a Health Index (5). The overall pattern of costs over time, is
called a Life Cycle Activity Profile (6).

Justification Scoping & Costing Consequences

User cost

“Failure” risk —
1 2 3 4 5 6 7 8 9 13
A A A A A A A } y
Today " 10 years
Later
Latest Start of MRR&I End of
Inspection Program Program

The programming process within FDOT considers specific projects as far as nine years in the future, though
only bridge replacement projects are important to the process that far out. Maintenance projects are
programmed only three years into the future. It is assumed that, once a project has taken place on a bridge,
that bridge is not revisited until the tenth year following the project. A long-term cost model provides a
general estimate of life cycle costs for the time beyond this required interval. As a matter of convention,
inspections and condition forecasts are assumed to occur at the end of a year, while projects (including their
costs and improved conditions) are assumed to occur at the beginning of a year.

The engineer is asked to make decisions about the scope and timing of candidate projects. Although the
decision support tool supplies a great deal of useful information about bridge economics, the engineer also
must rely on significant inputs from other sources:



e Status of the ongoing project development workflow affecting the readiness of individual projects;
¢ Information about funding availability for various types of work, from the Work Programs Office;
e Policy guidance from the Maintenance Office;

¢ Information about inter-relationships with other projects, including those of other districts, local
governments, and asset management contractors; and non-bridge projects.

During the 2-4 months of the gaming process, the dynamic nature of these inputs and decisions will cause
numerous adjustments in the scope and timing of work candidates. The project level models need to be
sensitive to these adjustments, to inform decision-makers of their implications. Much of this feedback is given
in the form of conditions, deficiencies, and life cycle costs. The figure above shows the life cycle cost
components that are modeled, organized into three phases:

e Justification phase, which predicts deterioration from the latest inspection up to the year in which a
candidate is being considered. If functional deficiencies (e.g. narrow bridge roadway, limited load
capacity, impaired vertical clearance, and moveable bridge openings) are present, there may be a user
cost representing the adverse effect on the public. If conditions are very deteriorated, there may be a
risk of loss of functionality, necessitating emergency repairs. This is called “failure,” the same
concept used in the Pontis network-level models.

e Scoping and costing phase, where predicted needs at the investigated point in time are converted to a
definition of a realistic candidate project. This candidate has direct costs, indirect costs (primarily
maintenance of traffic and mobilization), and work zone user costs. It has an immediate effect on
condition. The engineer can adjust the action selection and quantity at the element level.

e Consequence phase, predicting the long-term outcome resulting from the considered project. No
further work is done for 10 years after completion of the project, during which time the bridge
deteriorates. A risk of loss of functionality may occur, especially if the candidate project did not
address all of the needs present on the bridge. A user cost may occur if functional deficiencies were
not remedied. Beyond this 10-year waiting period, the Pontis network optimization provides a
probabilistic estimate of subsequent life cycle costs, sensitive to the ending condition of each element.

All of these costs are discounted to present value. If the timing of a candidate is delayed, user costs and failure
risk costs may increase. Needs may increase, forcing an increase in the scope and cost of work. Offsetting
these effects, the initial cost and long-term cost are discounted by a greater amount since they are farther away
in time. If a candidate is downscoped, then not all of its needs will be met. Even though the initial costs are
lower, this may be offset by higher failure risk, possible user costs, and higher long-term costs.

All candidates are evaluated in comparison to a default “do nothing” candidate. This is the same as
postponing work to beyond the end of the program period. The life cycle cost of Do Nothing includes an
elevated failure risk and long-term cost because of uninterrupted deterioration. A user cost may also be
present. A work candidate is considered beneficial if it reduces user cost, failure risk, and long-term cost by
an amount greater than its initial cost, all on a discounted basis. Economic benefit is calculated as the
difference between the life cycle cost of doing nothing, and the life cycle cost of the candidate under
consideration. Any benefit greater than zero is desired.

The project level analysis automatically generates separate preservation and replacement candidates for each
year of the program period, to give the engineer a starting perspective on scope and timing. Typically the
engineer then may adjust the scope of the candidates to more realistically describe the choices available on the
bridge. The tool responds by providing new evaluation results from the life cycle cost model.

Justification

Justification is defined here as the portion of life cycle costs that accumulate when needed work is not
conducted on a structure. It consists of cost components that could be avoided if all deficiencies were to be
relieved at the beginning of the program period. By convention, avoidable life cycle costs are not recognized
prior to the start of the first year of the program period (called the “base year”). By this definition, avoidable



costs include the effect of all past and future deterioration and functional deficiencies up to (but not including)
the year in which a candidate project is contemplated, so it includes the avoidable portion of the effective cost
of past deferred maintenance. If implementation of a candidate is delayed for any reason, its justification
normally increases.

The FDOT project-level analysis tool currently estimates the following components of the justification phase
of life cycle costs:

o Failure risk. Pontis uses failure cost as a penalty for allowing portions of an element to remain in the
worst defined condition state without remedy. At the project level, the natural interpretation of this
concept is the possibility of needing emergency repairs to maintain an acceptable level of service on
the bridge.

e User cost of functional deficiencies. This includes the cost of excess accident risk and truck detours,
according to the FDOT Pontis user cost model (see below).

e User cost of moveable bridge openings. This includes the delay to all road users caused by frequent
opening of moveable bridges to allow passage of ships.

WIDENING of roadway on the structure
INPUT DATA (all lengths in meters)

On_under: On|DeckWidth: 10.300( FuncClass: 17| ApprAlign: 9
Length: 117.300|RoadWidth: 8.500(ADT (now): 6,314| DkRating: 7
Lanes: 2| Apprwidth: 7.200] Growth% 0.732

This is a long bridge (>60 m.)

LOS width: ReqWidth = Lanes*LOSLaneWidth+2*LOSShldWidth =2 * 3.4 + 2* 0.9 = 8.600 m.
Design width: NewWidth = Lanes*DesLaneWidth+2*DesShldWidth =2 * 3.7 + 2 * 2.4 = 12.200 m.
Level of service and design standards based on the roadway's functional class

** RoadWidth<ReqWidth and RoadWidth<NewWidth so roadway needs widening.

ACCIDENT COST PARAMETERS based on the FDOT accident risk model
Name Coefficient Description

Coefl -377.3701 Constant (based on urban arterial functional class)

Coef2 0.7323 Coefficient for Lanes * Length

Coef3 0.3409 Coef for ADT * Lanes / RoadWidth (based on ApprAlign and DkRating)
AccCost 94,291 User cost per accident

Weight 1.0000 User cost weight

Accident risk = (Coefl + Coef2*Lanes*Length + Coef3*ADT*Lanes/RoadWidth) / 1000
Excess cost = (Unimproved minus improved risk) * AccCost * Weight (but not less than zero)
Since ADT varies by year due to traffic growth, so does accident cost.

EXCESS ACCIDENT COST BY YEAR

Year ADT OldRisk  NewRisk ExcessCost
2003 6,360 0.305 0.150 14,589
2004 6,407 0.308 0.152 14,696
2005 6,454 0.312 0.155 14,804
2006 6,501 0.316 0.158 14,912
2007 6,549 0.320 0.160 15,021
2008 6,597 0.324 0.163 15,131
2009 6,645 0.327 0.166 15,242
2010 6,694 0.331 0.169 15,354
2011 6,743 0.335 0.171 15,466

Long-term potential user cost (perpetuity with no growth) is $293,854 discounted to $175,941.
This is not yet capped at replacement cost.
Widening will add 645.150 sg.m of deck area and cost $412,896 ($640/sg.m).

To calculate these quantities as well as those needed for subsequent phases, the model simulates the
deterioration of each bridge element from the most recent inspection to the year in which a candidate project
is contemplated, using the same Markovian transition probabilities used in Pontis (below). When a portion of
the element reaches the worst defined condition state at least one year before the contemplated work, it is
assigned a failure risk penalty. By convention, the failure penalty is recognized at the end of a year based on
conditions forecast at the end of the preceding year.



Certain bridge elements, namely expansion joint seals and drainage systems, exist primarily to slow the
deterioration of other elements. The secondary effect of one element on another cannot be modeled
effectively in the Pontis network optimization, but is significant and should be addressed at the project level.
During the simulated deterioration, this effect is modeled by changing the environment classification of
protected elements (most superstructure and substructure elements), according to the predicted condition of
protector elements on the same bridge. It is important that the transition probabilities used in Pontis for
deterioration prediction describe the “median” behavior of bridges in the inventory, so the rules for
deterioration adjustments were balanced to roughly equalize the number of upward and downward shifts in
environment.

The justification phase of life cycle costing was defined in a general way as described here, for several
reasons: it is a distinct part of the software code to implement the models; it has a clear delineation on a time
scale, so the effect on project timing is easy to see; and it has a clear economic interpretation (avoidable costs)
that can be expanded in the future. Potential future expansion of the concept could include the effect on
agency and/or user costs of unmitigated vulnerability to natural or man-made hazards, and the economic harm
of lost opportunities for preventive actions (e.g. waterproofing or cathodic protection systems) on bridge
decks.

DO-NOTHING DETERIORATION RESULTS BY YEAR
Year] Environment Statel State2 State3 Healthlx FallRISK Passe
Insp 2001 3 100.00 0.00 0.00 100.00 0 0
Now 2002 3 96.70 3.30 0.00 98.35 0 0
Base 2002 3 96.70 3.30 0.00 98.35 0 0
2003 3 93.51 6.33 0.16 96.67 0 0
2004 3 90.42 9.10 0.47 94.97 297 0
2005 3 87.44 11.64 0.92 93.26 569 0
2006 4 84.27 14.19 1.55 91.36 979 0
2007 4 81.21 16.48 231 89.45 1,256 0
2008 4 78.26 18.54 3.20 87.53 1,531 0
2009 4 75.42 20.38 4.20 85.61 1,779 0
2010 4 72.68 22.02 5.30 83.69 2,001 0
2011 4 70.04 23.47 6.49 81.78 2,200 1
Conditions are shown at the end of the indicated year. So the base condition is just before the first program year.
The environment may change over time due to changes in a protective element.
Healthlx = Health Index
FailRisk = Failure risk cost, if failure is allowed.
We assume there is no excess failure risk in the years before we have a chance to take an action.
Passe = Percent that has already failed. This is kept in the worst state but cannot incur any further failure costs.

Implementation

Evaluation of the economic implications of project decisions — rather than automation of those decisions —
is the main purpose of the project level analysis tool. Therefore, automatic scoping of projects is not in itself a
desired feature of the system. Nevertheless, it is very convenient for the tool to be able to create reasonable
first-cut candidates, consistent with the Pontis network optimization and respecting certain constraints on
realism of candidate definitions. These initial candidates are not optimized, but they do provide a reasonable
measure of need, project urgency, and economic merit. It is expected that the engineer will revise the scope of
the project based on his or her own knowledge of the bridge.

Three candidate types are always generated automatically:
o Do Nothing - no action in any year of the planning period;

o Auto MRR&I - do a reasonable set of actions in response to all maintenance, repair, rehabilitation,
and improvement needs on the bridge, in one year of the period (a separate life cycle activity profile
is generated for each of 9 possible implementation years);

e Auto Replace - replace the bridge in one year (again a separate definition for each of the 9 years).

In addition, the engineer may specify up to three additional candidate scopes, and analyze each one in any
implementation year.



The process for generating the Auto MRR&I candidates is very similar to what is done in the Pontis program
simulation, using the Pontis network optimization results to identify preservation actions on each element, and
using level-of-service standards to identify functional improvements. A few refinements are imposed on this
process to generate realistic project candidates:

e Minimum and maximum thresholds for feasible scale of actions.
e Arrule requiring replacement of railings and joints any time a deck is replaced.

o A threshold criterion for replacing the entire paint system on a bridge, rather than spot painting or
over-coating.

e The quantity of an action is allowed to be larger or smaller than the quantity in states for which the
action has been defined.

The latter point is especially important, because it gives the engineer a great deal of flexibility to scope a
candidate project in any way he feels necessary, even if the action quantities differ from what Pontis would
recommend. An output prediction model in the system divides up each scope item and assigns the parts to
Pontis actions in a manner as reasonable as possible to determine the cost and effectiveness of the work.

A cost model estimates the direct and indirect costs of each candidate. The preservation costs developed in the
earlier FDOT agency cost study were divided into direct and indirect components, based on rules of thumb
that depend on the type of element. Currently both direct and indirect costs are proportional to the quantity of
work, but in the future the framework is designed to allow indirect costs to be constant or to vary in a non-
linear way with quantity. This is a high priority topic for future research, that may require collection of new
data on traffic control and mobilization activities. Addition of a work zone user cost model is also a high
priority.

Consequences

In the idealized life cycle cost analysis, costs of a candidate project are assumed to occur on the first day of its
implementation year, followed by 10 years of inactivity when the bridge is allowed to deteriorate. User costs
may occur during this period if any functional needs are left uncorrected. The analytical framework allows for
the possibility of further work within the programming period, but FDOT does not currently need this
capability in its planning process.

At the end of the 10-year hiatus, it is not necessary to plan specific projects, but it remains necessary to
estimate residual life cycle costs. Such an estimate must be sensitive to the ending condition of each element:
if work is done during the program period, ending conditions will be relatively good, and further needs will be
relatively small, compared with the do-nothing case. Pontis provides in its network optimization an estimate
of long-term costs, sensitive to the starting condition state and choice of action. To use this as an estimate of
long-term residual costs, only a few refinements are necessary:

e Model 10 years of do-nothing deterioration from each condition state, then calculate long-term costs
from the resulting conditions using Pontis optimal actions.

o Whenever a portion of an element reaches the worst defined condition state, impose a failure risk
penalty one year later in the same way as is done in the justification phase (described above).

e Long-term costs are assumed to occur exactly 10 years after the candidate project, since Pontis
already accounts for all discounting beyond that. Failure costs are assumed to occur on the last day of
each year, consistent with the way they are used in the justification phase.

As a matter of convention, the failure risk penalty is imposed during the 10-year period when no action is
allowed, but it is not imposed afterward. This is because element failure is not allowed to occur in a Pontis
optimal policy. If any functional needs are uncorrected, they are either assumed to continue indefinitely
beyond the 10-year period, or a bridge replacement cost is incurred, whichever gives the lowest life cycle
costs. In the former case, traffic growth is assumed to stop. A topic for further research is to analyze the



network-level effects of assumptions such as these, to determine whether they have much effect on the results
and to decide whether different assumptions are warranted.

DECISION SUPPORT TOOL

The framework described here was implemented as an Excel 2000 spreadsheet model, with most of the
analysis written in Visual Basic for Applications. This proved to be a very effective tool, in terms of system
development cost as well as execution speed. Built-in features of Excel were used for most of the data
management and user interface needs, so the majority of new software code was devoted to the analysis.
Excel’s programming model is quite stable, its worksheets easy to modify, and the analytical code non-
proprietary. Together these factors make the software an attractive test bed for further development of bridge
management models in a research setting.

For production use, the system is very fast, and is sufficiently secure for its intended use as a means of
displaying analysis results. (It does not write data to the Pontis database, but stores all its results in Excel
worksheets.) A full screening analysis of all 16,000 Florida structures takes just over a minute (on a 1.2 GHz
Pentium 11 computer), with database access requiring an additional one to four minutes depending on the
server configuration. In normal usage where only one bridge at a time is accessed, the total time to access,
analyze, and display the results is well under a second. This speed is extremely important to the usefulness of
the system, as it encourages engineers to experiment with many alternative project definitions until they are
satisfied with the results. This gives it the potential to become a true programmatic design tool.

All of the primary functionality of the tool is presented on one screen, as indicated schematically above. This
Excel worksheet is called the digital “dashboard” because, like the dashboard of a truck, it presents an
organized set of gauges and controls for the model. The dashboard worksheet is divided into panes, labeled in
the figure above. The Bridge Pane contains inventory, current status, and historical information; the Candidate
Pane and Candidate Details show predicted future cost and performance if a particular candidate project is
implemented in a particular year; the Scope Pane shows more detail about a specific Candidate and year, for
the elements on the bridge; and the Element Forecast Pane predicts future condition for one selected element.



Examples of some of the contents of the dashboard worksheet are:

Flags indicating functional deficiencies Heafth 95 Berefit 6 4
and vulnerabilities, including Smart Flags Incies: -
(2) noted in the bridge inspection process

(right).

=Cost

DEFICIENT ROADWAY WIDTH
Approach roadway alignment: &

ROoADMAY OMN STRUCTURE

Bridge roadway width, curb to curb: 25,92 Ft,
(LOS std= 28,22 ft; Design std= 40,03 Ft)

Excess accident risk: 0,51 accidents per vear

Approach roadway width: 25.59 ft,

Lanes on roadway: 2

Total horizonkal clearance: 25.92 ft,

2004 2005 2006 2 . 03 2010 201

A life cycle cost analysis sensitive to project timing (above left). This example compares Do Nothing
(white), Auto Replace (red), and Auto MRR&I (blue). This analysis can show total life cycle costs as
in the example, or agency and user costs separately. It can also compare the timing implications of
initial cost, action type, benefits, and benefit/cost ratio.

The prgd[ctlon of elemen_t condltlor)s | | pp————ry
and anticipated preservation needs in — _ Cost
any year in which a candidate project ===t Senden Acion Gty] (3000)

. . . . 12/3 - Bare Concrete Deck (5F)
IS belng considered (I‘Ight). The bar 10943 - PIS Canc Open Girder (LF) oMaint 1188 42

graph is interactive, changing to show  202%-fane Gatumn (EA) : :

21503 - RiConc Abutment (LF) T| htirit 6390 2

condition each year as the cursor is 23413 - RiCone Cop (LF) :
H H - Pourable Joint Sesl (LF) !
moveq’ helplng the englne_er to_ 31043 - Elastomeric Bearing (E&) I
visualize the relative deterioration 32143 - RiConc Approach Slab (EA) | !
H 33345 - Other Bridge Railing (LF) I I
rates of the various elements on a 29473 - Ricone bt Slepe Pr (SF) :
bridge. 47513 - RiCanc Walls (LF) . -
Roadway vwidening 237

A forecast of future condition trends of an individual element if a candidate is implemented in a given
year (below left). The example shows an immediate improvement in condition in the first year if
deteriorated joint seals are replaced, followed by normal deterioration.

2005 2006 2007 2 3 aoo 201

Condition over 10 years ; =0

A forecast of the future condition trend of the bridge, if a candidate is implemented in a given year
(above right). This example compares Do Nothing (white), Auto Replace (red), and Auto MRR&l
(blue). This can be expressed as a health index, as in the example, or preservation needs, benefit/cost
ratio, user cost, or excess accident risk.

Engineers use the dashboard to determine at-a-glance the economic health of a structure, and they use it as a
design tool for candidate projects to enter the programming process. When the engineer modifies a candidate



by changing element action selections, quantities, or various cost factors, the dashboard responds as a
spreadsheet is expected to do, by immediately updating its predictive results.

In addition to the dashboard, the system has a Screening worksheet containing a list of bridges in a selected
subset of the inventory. This list may be sorted by various screening criteria, such as the sufficiency rating,
NBI condition ratings, health index, type of work, cost, benefit, benefit/cost ratio, and economic urgency of
actions. Economic urgency in this system is defined as the difference in life cycle costs between the first and
second years, of the Auto MRR&I candidate generated by the models. It shows how much is lost by delaying

action.

Screenlng

k& Bridge (D

) ture Mame rigs Feature
HEY ROYAL DR OYER BiMiNI 4 HEY ROYALE DRIVE Bkl BAY . 34.8 | 4
164137 ROCKRIDGE RD OWER GATOR 2 01 ROCKRIDGE ROAD GATOR CREEK 600 G4 9.4 35.2 5.7 7.7 6.5
030059 US4 ovr DRAIN CAMAL 059 1 o) LS4 DRAINAGE CANAL 059 S00 47 566 65.0 54 970 7.0
030060 US4 ovr DRAIN CAMAL O8O 1 01 Us41 DRAINAGE CANAL 060 500 47 561 653.0 g4 7.0 7.0
030074  US41 OVER ROSTOW CAMAL 1 01 Us41 ROSTOY CANAL 500 45 561 675 g4 85.7 70
030066 US4 ovr DRAIN CANAL 0BG 1 01 Us41 DRAINAGE CANAL 066 S00 43 8.56 B3.0 8.4 94 6 70
030067 US4 ovr DRAIN CANAL 0BT 1 01 us41 DRAINAGE CANAL OEF 500 43 8.51 B3.0 8.4 876 70
030059 US-41 SR-90 f MAKS CAMAL 1 01 USs-41 SR-90 MRS CANAL 600 a7 513 1.5 74 724 6.5
030061 US41 ovr DRAIN CAMAL 061 1 01 Ls41 DRAINAGE CANAL 061 500 55 7.4 65.0 5.4 a7.0 7.0
070032 CR-833DEYILS GARDEN CAM 2 01 CR 833 DEVILS GARDEM CANAL 500 36 713 743 8.3 65.5 7.0
070051 CR-8330UDY'S CROSSING 2 01 CR 883 JUDY'S CROSSING 500 36 6.86 B6.3 649 9.7 7.0
030065 US4 ovr DRAIM CANAL 065 1 01 Us41 DRAINAGE CAMAL 065 500 63 654 653.0 g4 939 7.0
160010  CR 64 OVER ARBUCKLE CRK 2 01 CR-64 ARBUCKLE CREEK 500 162 653 252 7] 91.4 6.3
030070 US4 ovr DRAIN CANAL 070 1 01 Us41 DRAINAGE CANAL 070 S00 B3 652 B5.0 84 89.4 70
M2NNes 11244 e DRAIR AR MRS 1 n 112a4 MR AIRIAZE C AR NES cnn (=] [==n] [==N0] a4 aca TN

A third worksheet provides a detailed rationale for the results reported on the dashboard, describing the
effects of each part of the project level model. The three main worksheets, supporting functionality, and help

features are all accessed by means of a custom toolbar.

Flarida PLAT Lhﬂ: Dashboard 2 Screening ‘ Details '}%‘ Options

Go to the View
screening computation
worksheet details

this file

oy 160112

2 € @

Go to the Set Go to the Go to the Users About
dashboard operational top left bridge that Manual Florida
worksheet preferences corner of has custom PLAT
the candidates
worksheet stored in
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CONCLUSIONS

The Pontis analytical framework has always had the potential to support project-level decision-making, but up
to now it has not been easy to find this information or use it effectively. Project-level decisions are often
influenced by non-economic considerations, such as project readiness and inter-relationships with other
activities. Timing of the work, in particular, is an important decision variable.

By adopting a project-level perspective on the Pontis analysis, it is possible to define a new analytical
framework that is sensible and valid when evaluating potential work on an individual bridge, while remaining
compatible with the Pontis network-level models. When this information is presented in a suitable way,
engineers who are planning a multi-year bridge work program can use the analysis to gain a quick, intuitive
view of the economic health of a bridge and the urgency of completing work on it.
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Getting Started

Welcome to the Florida project level analysis tool! This is an Excel model designed to work with Pontis,
using life cycle cost analysis to give you a concise snapshot of the economic health and future prospects for a
structure. Think of it as a diagnostic instrument for your bridges.

To use the system, you need Microsoft Excel 2000 or higher, and Adobe Acrobat Reader 4 or higher (just for
the Users Manual). Your Pontis administrator should have posted an Excel template file and a Users Manual
in the directory where your Microsoft Office templates normally are found, and should have sent you a
Windows Shortcut file for launching the system. If this is not the case, you can prepare the system for normal
use by consulting the Chapter on Administration.

For most purposes you will need to use only three worksheets in the system:

e Dashboard - the bridge-level instrument panel, that you will use most of the time. It comes up
automatically whenever you create or open a workbook file.

e Screening — a menu for sorting and selecting bridges. The analysis gives performance indicators that
help you visit bridges in order of urgency or priority.

o Details — If you want to see the detailed computations behind the Dashboard, you can view this
worksheet.

Most of the time you will navigate through the system using the toolbar, which looks like this:

Florida PLAT  |il Dashboard =9 Screening  EfjDetails 22 Options oy 180112 @ & O

Go to the
dashboard
worksheet

Go to the
screening
worksheet

Set
operational
preferences

About
Florida
PLAT

Users
Manual

View
computation
details

Go to the
bridge that
has custom
candidates

stored in
this file

Go to the
top left
corner of
the
worksheet

To learn how the life cycle cost analysis works, see Life Cycle Cost Framework. In particular, it is useful to
understand the concept of Candidates and the various types of them. A set of quick lessons is provided to get
you started in understanding and using the tool effectively:

Viewing a Structure Screening Structures

Understanding Life Cycle Cost Customizing Candidates — Cost Factors
Predicting Condition Customizing Candidates — Scope ltems
Understanding Candidates Managing Customized Structures
Understanding Timing Viewing Computation Details

Navigating to Other Structures

For most technical support matters, the first person to call is your Pontis system administrator. If you have
questions or need help with the life cycle cost analysis, or if you spot a bug, contact Paul Thompson at 303-

681-2425 or pdt@pdth.com .

We hope you will find the tool indispensable as you plan work on a bridge, especially during the gaming
process each fall. This is the first full version of the system, so we are sure it still has room for improvement,
to give you more of the information you want and less of what you don’t need, and to make it even more
convenient and useful. Your feedback and ideas are very important. Please contact Paul Thompson at 303-
681-2425 or pdt@pdth.com, or Richard Kerr at 850-488-8815 or richard.kerr@dot.state.fl.us. Thank you very
much for your help and support!

12



Viewing a Structure

To see the Dashboard, just double-click the Florida project level analysis tool icon in Windows. This is the
first screen that will come up. (If you have macro protection turned on in Excel, you will be warned about
macros; click the Enable Macros button.) You might see a different bridge and different results, but the screen
layout is always the same.

The main controls for the system are indicated by red balloons below. You can choose what bridge to view,
select one of the Candidates and implementation years (by clicking a cell in the upper table), and select a
scope item for the candidate (by clicking a cell in the lower table). You decide what performance measure to
tabulate and graph in the upper part of the screen by choosing from a pick list.

Some of the most interesting results on this particular screen are highlighted in yellow. In general, the reddish
area on the left (Bridge Pane) has bridge inventory data and its current condition and needs, along with its
Health Index history. The greenish area on top right (Candidate Pane) describes the scoping and timing
options for the bridge. The gray area in the middle (Candidate Details Pane) provides detailed results for one
selected Candidate and year. The lower half (Scope Pane) lists the elements, their forecast conditions, and
projected needs. Details about one selected element are shown to the right of this (Element Forecast Pane).

Calculations are shown for
the automatic
maintenance, repair,
rehabilitation, and
improvement candidate if

implemented in 2006

The improvement in
Health Index for Auto
MRR&I is about half
that for Auto Replace.

Viewing
bridge
170022

D01 arasota Candidates

e (1700222 < »
LITTLE RINGLING MBI Lt
PIS Concrete: StringeriGirder

_ B __ ~ ~ _ | With aslightly negative
Fi . Timing benefit/cost ratio, this is not
Health Index = an attractive candidate.

Auto MRREI if done 3 =2 [ = o
The table and graph Directcost:| 2413 Accident cost

iex OF  wcoxt 1.6
9.2 .

This bridge has a deck Indirect cost:| 253 Truck delay cost:

rag show a forecast of netlee DS T e
Crackmg smart f|ag’ a Mear-term risk: 783 Work zone user cost: 0
Health Index Long-term cost | 710 Long-term cost: 0

roadway width
deficiency, and sub-
standard railings dition Jan 1, 2006 ' ' Scope of Auto MRRAI

Agency LCC: | 3785 User LCC: 186

Cost Benefit
Elemernt Condition Action Crby [ ($000) (H000) BiC Gty Action
1244 - Bare Concrete Deck (SF) L I I 1 0.00 D
10944 S Conc Open Girder (LF) 1 Repair 3949 2| 3385 Seal&Patch
Forecasts ar_e shown 20474 - PiS Conc Column (E&) I 3| 961.13 Cin&Patch
for the girders 215/ - RiConc Abutment (LF) —|Repair 695 i A4 A07 4| 7976 Replace
23444 - RiConc Cap (LF) T 5
28044 - Channel (E&) T Total | 4029

299/4 - Pile JacketiCath Pra (EA)
30144 - Pourahle Joint Seal (LF)
31104 - Moveable Bearing (EA)
32144 - RiConc Approach Slab (EA)
53144 - Conc Bridge Railing (LF)

Replace 82353 B1 228 374

L
L
C
C

29514 - Pile Jacket Bare (EA) [ T T
L
L
L Replace 2500 15 X2 152

39644 - Cther Abut Slope Pra (SF) Rehab 1631 5 -4 073
47544 - RiConc YWalls (LF) hdairt 22897 1 -1 -087
Roadway widening 1769 -464 o
Conditions have Repair of the girders would Candtion over 10 years

become quite
deteriorated for joints
and bearings

substantially improve
condition, and the effect
would be long-lasting.

In a few places around the worksheet, you will see tiny red triangles in the upper right corner of a worksheet
cell. These are comments that give more information about an item, or that provide help information.
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For each possible combination of Candidate and implementation year, the model computes a life cycle cost
analysis. Its results are presented in the center section of the Dashboard.

|lzer life oy

Agency life oycle costs Bk

Direct cost: m Accidert cost: C
noirect cost 0 Delay cost: | GI7
Mear-term rizk: 72 hovable bridge cost: I}
Lona-term cost: | 63/ Laong-term cost: 7
Agency LCC: | 136 Uszer LCC | 7049
P
Decision Nine-year program period
point
end of B Ten year inaction period
this year Initial Long
agency term

cost cost

N~
o
o
N

2002

< ™ N~
o — -
o o o
N N N

User cost

Sum of direct
and indirect cost

Life cycle cost of
Do-Nothing
Candidate minus
life cycle cost of
this Candidate

Total benefit
divided by
total cost

(>0 is good)

The diagram above highlights the main cost components from the Dashboard, then shows them in matching
colors in a timeline. Each cost is defined in the table below. If any Candidate is compared with the possibility
of doing nothing, the operative question is: will the investment of initial costs (blue) be more than offset by
savings in future costs (violet, red, light blue, and purple).

Agency life cycle costs
Direct cost (blue) Cost directly related to the quantity of

scope items (not discounted)

User life cycle costs
Accident cost (violet)

Expected value of user costs due to excess
accident risk, because of narrow bridge
roadway (discounted)

Indirect cost (blue) Maintenance of traffic, mobilization, and

engineering costs (not discounted)

Delay cost (violet)

Expected value of user costs due to height or
weight restrictions, or moveable bridge
openings (discounted)

Near-term risk (red) Possibility of “failure,” needing
emergency repairs if deteriorated

conditions are not remedied (discounted)

Movable bridge cost

User cost of traffic delay due to bridge
openings, plus the ongoing cost of bridge
tending (discounted)

Long-term cost (light blue)  Total life cycle costs beyond the end of the
model, based on ending conditions

(discounted)

Long-term cost (purple)

Remaining user costs beyond the end of the
model (discounted)

Total agency LCC Sum of the above, all discounted

Total user LCC

Sum of the above, all discounted

Since all of the costs occur at various times in the future, they are processed in a standard engineering
procedure called net present value analysis. Each cost item is discounted (reduced in value) by an amount that
depends on how far in the future it occurs. Naturally if a cost needs to be incurred, we prefer to put it off as
long as possible, because then it matters less to us. The discount factor represents how much less it matters for
each year that we can delay the cost.

The indicators on the right side of the Dashboard portion shown above, summarize the rest of the analysis.
We want to select Candidates with high benefit/cost ratios. In particular, we want the ratio to be more than
zero, indicating positive net benefits. In the rest of the analysis, we will use this concept to compare scoping
and timing alternatives on each bridge.
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The life cycle cost model depends to a great extent on the prediction of future conditions on each element of
the bridge. This forecasting is performed by means of a deterioration model.

Instead of predicting an exact condition state in the future, which is beyond the current state-of-the-art, the
model estimates the likelihood of each future condition state. This is done by means of transition
probabilities, the odds of making a transition from one state to the next in one year.

A typical example of a deterioration model for concrete girders is shown in the table below. The left side
shows the transition probability matrix. As an example of interpreting this table, if all the girders on a bridge
are in new condition (state 1), then next year 96.93% of the length of the girders will still be in state 1, and
3.07% will have deteriorated to state 2. In the second year, 96.93% of that 96.93% will still be in state 1. In
fact, the conditions at the end of any year in the future can be predicted, in principle, by matrix multiplication.
The table at right shows the result of ten years of multiplication.

TRAMSITION FROBABILITIES FREQICTED COMNOITIOMNS
ToState Tear| State], Stated, Statel  Stated
FromState 1 2 3 4 2001 100,00 0.00 0.00 0.00
i 96,93 3.07 0.00 0.00 2002 96,93 .07 0.00 0.00
2 0.00 9537 353 0.00 2003 93.95 543 0.1 0.00
3 0.0 0.00 32,38 7.B2 2004 .07 B.E0 0.32 0.0
4 0.00 0.00 0.00 87.06 2005 BE.27 1.04 0.61 0.03
2008 85,56 13.39 0.96 0.08
F ailure probability 12,94 2007 82,94 15.53 138 015
All amounts in percent 2008 20.39 1752 183 0.26
2003 7782 19,35 2,33 0,40
2010 T5.53 21.04 286 0.57
201 T3.21 22,59 340 0.74

Fortunately, this is a computation the computer can do very quickly. You can see the results for any element
on a bridge in the lower right portion of the Dashboard, in the Element Forecast Pane.

This particular example shows a concrete girder that is to be repaired in 2006.
At this point, deterioration is forecast to have progressed to where none of the
element remains in state 1, 3388 feet are in state 2, 561 feet are in state 3, and

80 feet are in state 4.
3358 Sesl&Patch

The upper table also shows the Pontis recommendations for each condition 561.13 Cin&Patch
state. The example analyzed here assumes that the repairs in states 2 and 3 are 79.76 Replace
implemented.

In the lower part of the example is a graph of condition if this strategy is
implemented. This is an area chart, whose full height represents 100% of the
element. Bright green is state 1, and red is state 4. Most of the element is
returned to state 1, with just a small portion remaining in other states.
Deterioration proceeds normally after that year, as evidenced by the declining
fraction of bright green as we move toward the right.

Condition over 10 years
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In order to describe the economic future of a bridge in a manageable way, the model uses the concept of
Candidates. Each Candidate represents a different way of approaching the scoping of a possible project. The
Candidate Pane of the Dashboard provides six slots in which Candidates may be defined. Three of these slots
are provided automatically, while the other three can be created manually. The example below has one of
these Custom Candidates.

Candidates

Do niothin

by oven u:and
Custam 5

Custom 6
Farecasting Timing

Do Nothing

Auto Replace Auto MRR&I

Custom

Only one candidate

Functional improvements
Preservation scope items

Implementation
years

Replacement scope item

Implementation
years

Miscellaneous scope items

Implementation
years

Simplest in this group is the Do Nothing Candidate,
which describes the life cycle of the bridge if nothing
is done to it in any year of the program period.

Next is the Auto MRR&I (maintenance, repair,
rehabilitation, and improvement) Candidate, providing
scope items to address all the preservation and
functional needs on the bridge, largely based on the
Pontis recommendations. The scope can change
depending on the implementation year: usually needs
grow because of deterioration.

Third is Auto Replace, which estimates the life cycle
cost if the bridge is simply replaced.

Finally, Custom Candidates let you define your own
scope, which is the same each year. For example, you
can decide to replace all the joints instead of just a few
of them, or you can select a different action for girder
repairs than what Pontis had recommended. You can
add miscellaneous scope items where you specify the
cost and benefit.

Each Candidate (except Do Nothing) is investigated
for implementation in each of the nine years of the
program period. This lets you simultaneously explore
the possibilities of scoping and timing.

16



Understanding Timing

The key trade-off in the project level analysis can be described as a matter of timing. Each bridge is certain to
need preservation, improvement, or replacement work at some point in the future, so the main question is
“when?” In the life cycle cost analysis, it is assumed that either some sort of work is planned by the engineer

during the program period, or the software generates a long-term set of work immediately following the end
of the program period. A graphical representation of this is given in the Candidate Pane of the Dashboard
worksheet.

201

The best way to see the effect of timing is to select Total LCC (above) or Total Benefit (below) from the
Timing pick list. These graphs actually show the same information, except Total Benefit subtracts life cycle
cost from the Do Nothing life cycle cost, making the differences easier to see.
Candidates
atal Ben $k

As a bridge deteriorates, its needs increase. If work is postponed, therefore, the initial cost of the work, and
the failure risk before the work is done, cause increasing life cycle cost. If a bridge has functional
deficiencies, user costs will continue to be incurred, at a growing rate because of traffic growth. Offsetting
this, the initial cost and long-term cost are discounted by a greater amount, thus reducing life cycle cost.
Usually (but not always) the effect of deterioration and traffic growth are larger, and life cycle costs increase
as the work is delayed.

In the graphs shown above, Auto MRR&I has a lower life cycle cost than Do Nothing in 2003-2006, so it is
an economical solution in that time frame. Auto Replace begins to have a lower life cycle cost than either
Auto MRR&I or Do Nothing starting in 2006 and continuing to the end of the program period.

What this tells you is that this bridge has a good preventive maintenance opportunity, but only if the work is
done by 2005. After that, the preventive maintenance opportunity is gone and replacement becomes the best
approach.
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Navigating to Other Structures

You will want to use the project-level analysis tool to scan through a group of bridges to see their economic
health at a glance and compare one bridge with others. The software makes it easy to do this. All the tools you
will need are clustered around the Bridge ID in the upper left corner of the Dashboard.

This area of the Dashboard shows the Bridge ID in the large box. =arasota
Above it are the district (and owner and custodian, if not FDOT) and wrs | 170013 >
county. Below it are the structure name; structure type; year built
(and year reconstructed, if applicable); route, milepost, and parallel
structure designation; functional class; and total traffic and growth
rate (combining roadways on and under the bridge). All of these help Urban Other Princ 19016 [+3 61 %411
you to positively identify the structure. ' N

U= 41/5R 45 58 fFSHAKETT

Concrete: Slab 1964
JS- 0004 (mp 15250 L 003

You can visit any other bridge in the inventory (provided you have access rights to do so) by typing its
Bridge ID in the big box, then pressing the Enter key.

To help you navigate among bridges Screenin g
in a group, the software maintains a

listing of bridges. You can select
from this list by clicking the Menu

Plesse click a Bridge D to select it

button. A list of bridges is presented, Total  Total

allowing you to select one merely by £ctio Beneft

clicking its Bridge ID. You will learn ~ BEAEE el C it

more about the capabiliies of tls  3poiy gt uorancanaLoss | s0| 47 stse—Ban

ment in the next lesson. 030074  US41 OVER ROSTOW CANAL 500 48 32 8E

You can visit bridges in the order 030066  LIS41 ovr DRAIN CANAL 056 500 48 36 656

given in the menu, by clicking the up Q30087 LIS41 avr DRAIN CANAL D87 500 48 33 8.5

or down arrow buttons. This is the 030089  US-41 SR-90 / MAXS CANAL 500 57 3973 843
M=Nne4 =44 meee MR AR T ARIAT TIRA =nn &g =En F a4

handiest way to quickly leaf through
a list of structures. If you want to visit a bridge that is not in the list, you can still type its ID in the box.

You may want to compare a set of bridges that are not near each other in the menu. To do this, first visit each
bridge by typing its Bridge ID in the large box, or using the Menu button to select it. Then click the left and
right arrow buttons to move backward or ahead among the bridges you have just visited. The software
maintains an internal list of the 100 bridges you have most recently visited since you opened the file.
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Screening Structures

When you click the Menu button on the Dashboard, or the Screening button on the toolbar, you find a
worksheet with powerful features for sorting and selecting structures. The Screening worksheet presents a list
of structures, with identification and performance information. You can sort the list merely by clicking a
column heading. For example, the list in the example below is sorted in descending order by Urgency (most
urgent first). Click the column heading again to reverse the order.

Then click any Bridge ID in the list to see that bridge in the Dashboard.

Florida PLAT [jjj]:Dashl:lDard 24 Screening Details ﬁOptinns @ ﬂl @Filter... "ﬂl_lpdate
HizZ - e OESEEIINIG

Click here to Click here to limit - Click here to reload
come to this the list by district, and re-compute the
worksheet. Click any custodian, and data (to incorporate

column structure type. new inspections).

heading to

Bridge 1D = ; BMCY watinc
12| 030058  US41 ovr DRAIM CARNAL 059 500 47 3136 866l 6669 £i&.0 5.4 97.0 7ol 3526
13| 030060 US4 ovr DRAIM CARAL 06D 500 47 3136 G61 G636 £i&.0 G4 97.0 7Ol 3526
14 | 030074 2 oo CANAL 500 48 3132 G651 5593 7.8 5.4 68.7 70| 3526
15 | 030066 Clickany Y ogs 500 43 336 G568 B5.91 £3.0 g4 94 6 7Ol 3526

18 | nanneT 1=y Bridge ID to see [i nex £ A 7 o FE e == oA a7 e Th SR
the bridge in the
Dashboard.

A wide variety of data and performance measures are provided to help you with navigation. For example,
Action Category (e.g. 600=replacement, 500=functional improvement, etc.) characterizes the candidate with
lowest life cycle cost on each bridge; Urgency describes the improvement in life cycle cost if work is done in
the first year rather than the second; and Health Index is a weighted average condition measure for the
elements on the bridge, projected to today from the most recent inspection. See Screening Worksheet for
more information about the contents.

Whenever you visit this worksheet, the toolbar extends to add two

new buttons, Filter and Update. Use the Filter button to decide

. N . ” X . District [ Al Custodian [ al
which bridges to show in the list. The example at right shows District 0
1 with all state-owned structures, omitting poles, signs, and walls. 0 D3 Chicley
When you click the OK button, the software loads the bridges you (o R
requested into the list, and re-computes all the performance 07 D7 Tempa

. . . . . - ik
indicators. If you click Cancel, the filter settings are not changed and EE Eﬁnt;?:%'ﬁ'aci
IstHCk

the data are not reloaded or re-calculated. (For example, you might i1 D i1
do this just to see the current filter settings.)

If you want to update the screening list without changing the filter
settings, just click Update on the toolbar. Even if you never change
the filter, you should click Update occasionally (e.g. daily or weekly)
just to make sure you have the most recent inspection results. When
you first visit the Screening worksheet after launching the project
level analysis tool, the software asks you if you want to update now.
This could take a few minutes depending on the number of bridges W Omit poles, signs, and walls
you want to see.
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Customizing Candidates — Cost Factors

You can use the project level analysis tool for planning of work on a specific bridge, to enter into your work
planning system or into the Pontis program simulation. For consistency, you will normally want to use the
system’s outcome prediction (e.g. deterioration, element-level preservation costs, and user costs) models as
provided, without changing these inputs from one bridge to another. However, you may well want to change
the initial costs or total benefits to reflect factors known to you but outside the domain of the analytical
models. For example, a bridge with lead paint would have greater mobilization costs and greater overall costs
than other bridges.

To customize the indirect costs or scope of work on a bridge, you must first create a Custom Candidate. You
do this by first clicking anywhere in the Auto MRR&I row of the Candidate Pane (or on any existing
Custom Candidate), then clicking the Duplicate button, as indicated with the yellow balloons in the example
below. Your new candidate will be added to the table and graph as shown. Then click in the row of your new
Custom Candidate if you want to modify it.

D01 a Candidates

we (17001312 > e

US 41/5R 45 SB F SHAKETT

Click the Auto MRR&I Planned work
candidate, then click Custom 5
Duplicate, to create a EUSIon g

g y Titning
custom candicate. "= T v o =]
— 1

ork if done in 2004

e name | Planned work
Dir. cost adjust (9] 0.00
Clear MOT (%) 10.81
Mobilization (36| 14.73 20,0
Design+CEl (% 1]

You can rename a
custom candidate

I

LCuplicate

Indlirect cost: 9 Delay cost:

Mear-term righ> 96| Work zone user cost:

Lang-te) % 105 Long-term cost:
3

|
|
D‘
h Loo| 219 User LOC:

Scope of Planned work

...then see the effect

Type indirect cost ) —
on project costs Action Gy -.-' 000

gf factors here to over-

Gty

ride the defaults... 1( 352,08 DN

~Tnp 2| 3403 DN

- P15 Conc Column (EAY iz g 62 §.22 3 1.42 DN

215 -RiCone A Tyne an adjustment | ...then see the effect on i & B j cosou
23414 - RiConc Cap E] 0.00 Replace

adjusted benefit/cost
summary here.

_ Channel factor for total cost

- Filg ~_ and/or benefit here...

aacketiCath Pro (EA) [ T T Effect of Planned work

9 - Pourable Joint Seal (LF) [ T place 3322 1 1] 0.41

- RiConc Approach Slab (EA) L r—Rehab 13 1] o 0.49
L

~
=}
&

38754

- Conc Bridge Railing (LF)
- RiConc Walls (LF)

I T Msirt 14436 B -1 024

Condition over 10 years

The project level models provide default indirect cost factors, but you can over-ride them by simply typing a
new value. The resulting indirect cost is immediately shown (orange balloons in the example). This number is
then used in all subsequent calculations of initial cost, life cycle cost, and benefit/cost ratio.

Another possible adjustment can be applied to the total cost and benefit of all candidates (not just Custom
Candidates) on the bridge, by typing adjustment factors in the white boxes near the bottom of the Bridge
Pane. These factors affect only the results reported in the dark gray section at the right of the Candidate
Details Pane.
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After you have created a Custom Candidate (see preceding lesson), you can modify its scope, by making
changes in the Scope Pane. You can add new scope items, change the action and/or quantity of an existing
preservation scope item, or remove a scope item. The yellow balloons in the example below show the buttons
for these purposes. First click the scope item you want to change, then click the button.

The Scope Pane always shows at least one row for each condition unit (element inspection line item), even
when there are no scope items. A condition unit may have more than one scope item, as is the case for
element 204 in the example below.

Forecast condition Jan 1, 2004 Scope of Planned work

/| Removea | |
[ ]

scope [ |

Rehab  11.07

21504 - RiConc Abutment (LF)
23404 - RiConc Cap (LF)
29004 - Channel (EA)

29:3/4 - Pile Jacket Bare (EA)

29974 - Pile JacketiCath Pro (E&)  —— | rtion subecat presr——. n
30144 - Pourable Joint Seal (LF) chion sub-<ategry. [+03 - Patch minor spals -~
Add a preservation scope item to the {* By condition state ™ Enter quantity direckhy
selected condition unit.

~

Add a functional improvement.

v 1: Feasible
" Custammiscelansous - i I;I
3¢ Appli -
Rpicatie Select the action and
oK Cancel I~ 4: Applicable specify the quantity.

[o]4 | Cancel ‘

When you click the New button to add a scope item, you can choose the type of item to add. If you choose
Preservation, the software will add a new preservation scope item to the condition unit you have selected. The
dialog for this purpose (far right) lets you select from the feasible actions, and specify a quantity by either
clicking condition states, or typing the quantity directly.

If the bridge has any functional deficiencies, you can add a Functional Improvement scope item. This choice
is disabled (as in the example) if there are no functional needs.

Add a miscellaneous item.

You can also add your own custom scope items that are not otherwise defined in the software. For each of
these, you provide a name, cost, and benefit that are added directly to the project totals. For example, a bridge
rehabilitation that includes repair of decorative portals might warrant a separate scope item for this.
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When you use any of the customization features on a bridge, the information you enter is stored in an Excel
workbook file. Each file can store the customizations for one bridge, called the “home bridge”. The toolbar
shows which bridge was customized, so you can return to that bridge with one click even if you have
subsequently visited many other bridges.

Florida PLAT  |Kil Dashboard 2 Screening EfjDetails 22 Options friromz 2) & O

=l - i hiaint

Toolbar button to
return to the
customized bridge.

S 4105R 45 SB FSHAKETT
Concrete: Slak
S- 00049 (mgp 15257 L 003

M & L k=

If you customize a lot of bridges, you may want to create a directory on your hard drive to store them all. You
can use the directory structure of Windows to separate different types of customizations. Each Excel
workbook file should have a name that includes the Bridge ID, as in the example below. Use Excel’s File —
Save As feature to set the location and name of a file.

& Programmed for next year |'._||'E|r>__(|
File Edit Wiew Favorites Tools  Help -.1.'
JBack =~ T 0 search |7 Folders | [T+
fddress ||a ¥ \Programmed For next year v | Go
Folders x Mame

@ Deskkop ~ @DSDDEI as programmed. xls
My Documents r @DSDUES as programmed. xls
5 d My Camputer @DSDDSS as programmed, xls

g Local Disk (C:) @ 160297 as programmed. xls
H;J, DVDYCO-RW Diive (D) T @ 170013 as programmed, xls
= 2# My Bridges on 'Pdtc400%pdtcam
i | Programmed For next year
|5 Under consider ation v
< | > £ | >
5 objects (Disk free space: 19.1 GB) 23.4 ME ‘ﬂ Local intranet
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Viewing Computation Details

Every time you visit a bridge on the Dashboard, the software conducts a full life cycle cost analysis. Most of
the time, the Dashboard shows all the results you will need. However, if you need more detail about any
aspect of the computation, or if you just want to see a complete worked example of the analysis, click the
Details button on the toolbar. The example below has most of the rows hidden so you can see the major
headings within the worksheet.

Florida PLAT | |;jl Dashboard 2 Screening B Details 32 Options ot 170013 @ & O .

L1326 - A
s B c D E F G H [ J K L M N )

Computation Detail for Project-Level Analysis Analyzed on 11-18§-2002 at 12:46:00

Bridge 1 ?ﬂﬂ'l 3 Based on 2000 inspection

US 41/5R 45 5B / SHAKETT
Candidate: Auto MRR&I in 2005

RS I R T b -

Gl JUSTIFICATION PHASE: REPLACEMENT and FUNCTIONAL IMPROVEMENTS
B5
G5
915

1A SCOPING/COSTING PHASE: SCALE FEASIBILITY

JLISTIFICATION PHASE: NETWORK-LEVEL INPUTS and DETERIORATION OF ELEMENTS

Lt
M SCOPING/COSTING PHASE: AUTO MRR&I CANDIDATE IN YEAR 2005

947 |
CLEAM OUTPUT PREDICTION

T35 |

=il CONSEQUENCE PHASE: PERFORMANCE BEFORE AND AFTER IMPLEMENTATION
414

ikl CONSEQUENCE PHASE: FINAL SUMMARY STATISTICS

1316

T34 FREDICTED PERFORMANCE MEAFURES

1318 Tear Healthlx Presfileed Pres BIC Acc Risk UzerCast

13189 Eiase 2002 50.73 21,553 0.35 0.0000 [1

1320 20035 5.3 37425 1.0 0.0000 [

1321 2004 .07 47,752 104 0.0000 i

1322 2005 F3A6 20,475 ] 0.0000 0

1323 2006 E173 28,727 064 0.0000 [

1324 2007 73,35 38,132 065 0.0000 i

1325 200% 7525 45,625 0.7 0.0000 0

1326 2003 TE.55 53,735 072 0.0000 [
2010 T4.57 1,513 073 0.0000 [

1328 2011 1323 3,621 075 0.0000 [1]

1328 Prezeryation data are shown at the end of the indicated wear,

1330 Healthls = Health index of the bridge.

133 PresMeed = Total agency cost of the Pontiz optimal actions summed over all elements [using network-level variable and fixed costs).

1332 Pres BIC = Bencfitdcost ratio of the Pontiz optimal actions summed over all clements.

1333 Functional deficiency daka are totals For the indicated pear.
1334 &ce Risk = Mumber of excess accidents predicted becauze of 2 roadway width deficiency.
1335 UszerCost = Total of accident risk and truck detour user costs,

15356

1337 Highest action category RFeplace The most significant action category in this candidate project

1338 Ending health index T3.2% | Forecast for the end of the program horizon (end of 2011)

1339 DIRECT AND INDIRECT COST FACTORE

1340 Direct cost adjustment 0,000 Fraction of direck cozk of preservation; default = 0,000

1349 Iaint of traffic 0,121 Fraction of adjusted dircct cost of prezervation; default = 0,121

1342 Mabilization 0143 Fraction of adjusted dircct cost of preservation; default = 0,143

1343 Enginecring 000 Fraction of adjusted direct cost of preservation; default = 0,100

1344 Mate: Functional improvements, replacement, and custom scope items are treated as entirely direct costs.

1345 AGENCY LIFE CVCLE COSTS

1346 Diirect cast [§] 1628 Summed over all scope items, does notinclude preservation indirect costs [before dizcounting]

1347 Indirect cost [£] 2,775 Computed bazed on preservation direct costs using the adjustments above [before discounting]

1348 Mear-term risk [$) 1,345 Failure rizk in the wears before an action is taken, using Pontis Failure costs and probabilities, discounted
1349 Long-term cost (] 111,427 Residual life-opele cost after the project, accounting For the probabilitics of zubzequent projects, discounted

1330 Agency life-cpcle cost [§] 232,163 Tokal of the life-cycle costs in thiz section, including dizcounted direct and indirect costs

1331 Mate: Dizcounted costz are present value (2002] uzing a real dizcount rate of 035000
357 HSFD 1 IFF ~%El F emeTs




Worksheet Reference

The project level analysis tool consists of an Excel workbook file, containing 15 worksheets. Three of these
worksheets are intended for use by the majority of users, while the rest provide storage for data in the
background.

Presentation worksheets accessible from the toolbar:

Dashboard

Screening
Computation Details

Raw bridge data worksheets:

Inventory
Candidates
Scope Items

Definition and model worksheets:

Model Parameters
Element Definitions
State Definitions
Action Definitions
Action Sub-Categories
Condition Unit Models
Action Models

Code Tables

Configuration worksheet

Most of the time you will navigate through the system using the toolbar, which looks like this:

Florida PLAT  |;jl Dashboard = Screening EYjDetails 22 Options oy 160112 @ & O

Go to the Go to the View Set Go to the Go to the Users About

dashboard screening computation operational top left bridge that Manual Florida

worksheet worksheet details preferences corner of has custom PLAT
the candidates

stored in
this file

worksheet

Most of the worksheets in the file are hidden, by turning off the Excel worksheet tabs, since most users will
not need them. However, if you do need access to any but the first three worksheets in the above list, you can
activate the Excel worksheet tabs by clicking the Options button on the toolbar. This presents a window with
configuration options governing the behavior of the software. If you check the first box (Show worksheet
tabs) and click OK, the Excel worksheet tabs will appear. You can follow the same procedure again to turn
the tabs off.
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Toolbar

Bridge Pane Candidate Pane

Candidate Detail

Scope Pane Element
Forecast
Pane

The dashboard provides most of the controls and outputs of the system in one convenient layout. This makes
it quick and easy to flip among bridges, or within a bridge among candidates and scope items. The diagram
above shows the sections of the Dashboard worksheet, which are:

Toolbar — A set of buttons with which you can navigate among the main worksheets, and access other
important items of functionality.

Bridge Pane — Inventory, appraisal, and condition data; and current needs on the bridge.

Candidate Pane — A table comparing candidates and implementation years. Various forecasting and
timing results can be displayed in the table and the accompanying graph.

Candidate Detail — A presentation of all available performance measures about a selected candidate
and implementation year.

Scope Pane — The list of individual items of work within a selected candidate in the selected
implementation year.

Element Forecast Pane — A table and graph showing the predicted condition of one condition unit
selected in the Scope Pane.

Also within the Dashboard are buttons to manage custom candidates and scope items. Click a link in the list
for more information about the contents of each section of the Dashboard worksheet.
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Bridge Pane

The Bridge Pane of the Dashboard is designed to allow you to
v (160112151 « » quickly browse through a list of bridges to find the ones needing
attention. It briefly summarizes the major identification
information about the bridge as follows.

GRIFFIM ROAD OVER |-4
Pr= Concrete: StringeriZirder 1961

Row 1. The left side shows the district in which the bridge is
located. If the bridge is not owned or maintained by FDOT, then
abbreviations for the NBI owner or custodian categories (items

L=t s B R S TS N ]

{{=|=
1= o

Heafth 93 Benefit 3 1 21 and 22) are shown also. The right side shows the county

Inciex *Cost - where the bridge is located.
14 714 Rows 2 and 3. Here is shown the bridge_id and buttons for
1: . navigating to other bridges. The Menu button brings up the
- ety BrRail  Transtn ApRail ApEnd Screening worksheet, presenting a prioritized list of bridges from
13 R e which you may select. The up and down arrow buttons allow
19 you to go from one bridge to another in the order given in the
20 Screening worksheet. You may also select a bridge by typing its

bridge_id in the box. As you visit a series of bridges, the

Pl 20 Health Index History software behind the scenes maintains a list of bridges visited.

’ The left and right arrow buttons allow you to navigate through
this list in the order visited. This makes it possible, for example,
to compare any two or more bridges by switching back and forth
= TS among them, even if they are not adjacent to each other in the
Screening list.

0133 o101

25 Health MBI  Meed

25 T 7 0.

2 i _ Row 4 is the bridge strucname. In the FDOT inventory this

30 3 ; o o .

3 5 usually is a combination of the facility carried and feature

T 3 intersected.

= Row 5 gives the structure type of the main span (NBI 43) and
e T the year built (NBI 27). If the bridge was reconstructed, the year
35 F M= F00 Cost Benefit Lo

a5 4 e ewill  Puilt includes a slash mark and the year reconstructed.

g; - IECCRUEIN  Row 6 describes the bridge location along a principal route

(roadway-on). It is a combination of NBI items 5, 11 (milepost),
101 (left/right parallel structure), and the parallel bridge
sequence number.

Row 7 gives the functional class of the roadway on the structure and the total traffic volume of all routes on
and under the bridge. The average traffic growth rate is in parentheses. Traffic volume is estimated as of the
current system date based on the past and future traffic counts given in the inventory.

Rows 10 and 11 emphasize the current condition of the bridge. Health Index describes overall physical
condition, while Benefit/Cost describes the priority of current MR&R needs. A high health index with high
benefit/cost ratio indicates a bridge in good condition where there are attractive preventive maintenance
opportunities. A bridge with low health index and low benefit/cost ratio indicates that, even though the bridge
is in worse condition, it can be allowed to deteriorate further without a large escalation in needs.

All condition and needs information on the Control Panel are projected to the current date using the
deterioration model (without refinements). This means the information will be different from the most recent
inspection if the inspection was conducted more than a year earlier.

Row 14 gives the current sufficiency rating as contained in Pontis. If the bridge is functionally obsolete or

structurally deficient according to NBI criteria, this is indicated, along with the posting status.
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Flags. Rows 15-17 in the bridge pane present “flags”, the method of notifying you of functional deficiencies
and vulnerabilities. The color reflects the severity of the flag, with red the worst. If you hold the mouse arrow
over a flag, a pop-up window shows more information about it. The following list shows the types of flags
that may appear:

Row 15: Smart flags. These appear if the inspector has entered a smart flag.

Steel Fatigue

Pack Rust

Deck Cracking

Soffit of Concrete Deck or Slab
Settlement

Scour

Traffic Impact

Section Loss

Substructure Section Loss
Alert

Row 16: Appraisal flags. These appear if there is a functional deficiency, or a low NBI appraisal value.

Roadway width

Operating Rating

Vertical Clearance
Underclearance appraisal (NBI 69)
Waterway adequacy (NBI 71)
Approach alignment (NBI 72)

Row 17: Safety features. These flags show the four parts of NBI item 36.
History. The graph in rows 18-24 shows historical condition of the bridge, using the Health Index.

Element category condition. Rows 25-34 present a table showing current conditions and needs by element
category. The Health Index and NBI condition rating (NBI 58, 59, 60, and 62) are shown whenever available.
The cost and benefit/cost ratio of needs are given based on the Pontis network optimization. This gives an
initial idea of the size and urgency of MR&R needs.

Cost and benefit of needs. Rows 35-37 provide the total cost and benefit of needs. You can provide an
adjustment factor for costs and benefits, to reflect unique attributes of the bridge that would cause its costs
and/or benefits to be higher or lower than normal. In the case of costs, this could be heavy traffic, poor access,
or lead paint, for example. The adjustments are used for all Candidate total cost and benefit calculations, the
rightmost column in the Candidate Detail Pane.

Miscellaneous geometry and location. Rows 38-40 provide some useful information on geometry and
location of the structure.
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Candidate Pane

GES Foo

481 027 bl

Tirming

Total LCC R =

The Candidate Pane of the Dashboard worksheet addresses two major issues in project-level analysis:

o Deciding on a general scoping approach, such as deciding whether to completely replace a bridge, to
address all the needs individually, to address just certain types of needs, or do nothing at all.

o Deciding on the timing of work. Because needs change over time due to deterioration and traffic
growth, the timing also affects the scope of certain kinds of projects.

Since the two decisions are linked, the Candidate Pane presents the alternatives in a two-dimensional format
allowing you to see the full range of choices at once. The project level analysis tool generates three automatic
candidates (graph colors shown in parentheses):

e Do Nothing (white) - no action in any year of the planning period;

e Auto MRR&lI (yellow) - do a reasonable set of actions in response to all maintenance, repair,
rehabilitation, and improvement needs on the bridge, in one year of the period (a separate life cycle
activity profile is generated for each of 9 possible implementation years);

e Auto Replace (pink) - replace the bridge in one year (again a separate definition for each of the 9
years).

In addition, you may create up to three Custom Candidates, and analyze each one in any implementation year.
“Early work” is a Custom Candidate in the example above; it is selected in the table and shown in blue in the
chart. Any time you move to a different bridge, change any of the model inputs, or modify the scope of a
Custom Candidate, the table and graph update themselves automatically.

You choose what data item is tabulated and plotted by selecting a performance measure from either the
Forecasting pick list or the Timing pick list. Any time you select from one of these, the other one is cleared.
If you choose from the Timing pick list, the years in the program horizon are treated as alternative
implementation years. Scope, costs, and benefits can vary depending on the year in which the Candidate is
implemented. If you choose from the Forecast pick list, the years describe a time series of future values of the
performance measure, for the candidate and year you select.

To select a candidate and implementation year, simply click any cell in the table. Dark blue shading
indicates which cell is selected (Early work in 2007, in the example above). The software automatically
updates the table and graph (if a forecasting performance measure was selected), as well as the Candidate
Details, Scope Pane, and Element Forecast. In the graph, blue boxes highlight the selected candidate. You can
“animate” the deterioration of elements and the change in scope over time by using the arrow keys to move
the selection left and right through the table.
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Candidate Details

Early wo

Duplicate

Clear

k if done in 2007

Agency life cycle costs §k Uszer life

Mews name | Early weark Direct cost: 264 Accident cost:
Dir. cost adjust (%) 0.00 Indirect cost: 13 Truck delay cost: ]
MOT (%% 19.90 Mear-term risk: 122 Wark zone user cost: ]
Mohilization (%) 10.29 Long-term cost: G4 Long-term cost 1]

Design+CEl (%) 10000 Agency LCC: 432 Uzer LCEC: 175

The Candidate Details Pane of the Dashboard worksheet provides a set of performance measures for a
selected candidate and implementation year. The example above is for a Custom Candidate called “Early
work” if implemented in 2007. Its detailed results are as follows:

New name — You can rename a Custom Candidate by typing the new name in this box. Automatic
candidates cannot be renamed.

Direct cost adjustment — This factor is a positive or negative percent adjustment applied to direct
preservation costs, before any of the indirect cost factors are applied. It can be modified by typing a
new value in the white box, only in Custom Candidates.

Maintenance of traffic; Mobilization; and Design, construction engineering, and inspection — These
are positive cost factors, in percent, applied to adjusted direct cost of preservation scope items. They
can be modified by typing new values in the white boxes, only in Custom Candidates.

Direct cost — The sum of all direct costs, including preservation, functional improvement,
replacement, and miscellaneous scope items, not discounted, in thousands of dollars.

Indirect cost — The sum of maintenance of traffic, mobilization, and design + CEI, not discounted, in
thousands. Note that replacement, functional improvements, and miscellaneous scope items do not
contribute to this total, but are included entirely in the direct cost number.

Near-term risk — The total discounted failure risk in the years before the implementation, and during
the 10-year hiatus after implementation, in thousands.

Long-term cost — Discounted present value of all preservation costs beyond the end of the 10-year
hiatus (or beyond the program period for Do Nothing), in thousands.

Agency life cycle cost — Sum of the numbers above it, this is the total life cycle cost incurred by the
agency, in thousands. All of the numbers are discounted for this calculation.

Accident cost — Discounted user cost, in thousands, due to excess accident risk. This is non-zero, as in
the example, if the bridge has a roadway width deficiency either on or under the bridge.

Delay cost — Discounted user cost, in thousands, due to traffic delays from impaired vertical
clearance, insufficient operating rating, and/or moveable bridge openings.

Work zone user cost — Currently zero in every case, this is a placeholder for a future work zone user
cost model.

Long-term cost — Discounted present value of a perpetuity of user costs starting after the end of the
program period, if the candidate does not remedy all functional deficiencies on the bridge. The
calculation assumes that there is no further traffic growth, and caps the result at discounted
replacement cost of the bridge.

User life cycle cost — Sum of the numbers above it, this is the total life cycle cost incurred by road
users.

Initial agency cost — Sum of direct and indirect costs, in thousands, not discounted.
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Agency benefit — Agency LCC of the Do Nothing candidate, minus Agency LCC of the subject
candidate, in thousands.

User benefit — User LCC of the Do Nothing candidate, minus User LCC of the subject candidate, in
thousands.

Benefit/cost ratio — The sum of Agency benefit and User benefit, divided by Initial agency cost. Any
result greater than zero indicates a desirable candidate, as in the example.

Total life cycle cost — The sum of Agency LCC and User LCC, in thousands.

The two buttons on the left side of the pane are concerned with managing Custom Candidates:

Duplicate — Make a copy of the currently-selected candidate, and put it into one of the Custom
Candidate slots. This is available only if Auto MRR&I or a Custom Candidate are selected.

Clear — Remove the current Custom Candidate from its slot. This is available only if a Custom
Candidate is selected.

If a movable bridge is displayed on the Dashboard, a third button appears:

Movable — Provides access to a special worksheet for calculating the user cost due to movable bridge
openings.

See Managing Candidates for more information on Custom Candidates.
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Scope Pane

Forecast condition Jan 1, 2007 Hew Edt [T Scope of Early work

Cozt Benefit
Eletment Condition Action City | (F0O007  (HOOO B
1203 - Bare Concrete Deck [(SF) [
10845 - Pis Conc Open Girder (LF) [
20505 - RiConc Column (EA) [ I
[
L

ryhdaint  990.56 36 -29 082

2543 - RiConc Abutment (LF) 1 hdairit E2.90 2 -2 -0
234/3 - RiConc Cap (LF) I
30143 - Pourakle Joint Seal (LF) C— seeeessssssss Feplace 17061 4 57 12485
3103 - Elastomeric Bearing (EA) Feplace  7.00] :

Fehab  29.00 a7 -23  -0.36

321435 - RiConc Approach Slab (EA) L
33303 - COther Bridge Railing (LF) [
39445 - RiConc Abut Slope Pr (sF) [ I I
47513 - RiConc YWalls (LF) [
Roadway widening 233 TEB4 3.28

The Scope Pane of the Dashboard worksheet lists the condition units and functional deficiencies on the
structure, and lists the scope items defined for each one in the currently-selected candidate and
implementation year.

Each condition unit is labeled with its element number and environment, followed by its name and
measurement units for costing. Although the inventory and internal calculations are metric, the results are
shown in US Customary units on the Dashboard. It is possible that an element and environment could appear
more than once in the list if it was inspected segmentally (e.g. a separate element inspection record for each
span or structure unit). The predicted condition at the beginning of the selected implementation year is shown
as a bar graph: green is state 1, red is the worst defined state for that element, and lime, yellow, and orange
are intermediate states. You can see the information numerically by clicking one of the rows in the table and
then looking at the Element Forecast Pane.

To the right of each condition unit is a list of scope items, if any. This list shows the action category, quantity
(in the element’s US Customary units), cost (sum of Pontis variable and fixed costs), benefit (difference in
Pontis long-term cost between the action and do-nothing), and benefit/cost ratio. To see more information
about the action, click it and then look in the Element Forecast Pane. The sum of costs in this list will always
agree with the Initial Agency Cost reported in the right-most column of the Candidate Details Pane. However,
the benefit column is computed directly from Pontis information and will not generally agree with the life
cycle cost analysis reported in the Candidate Details Pane.

The example shows that it is common for a candidate to include scope items with negative benefit. This can
happen if the project scope was expanded to include larger quantities than the Pontis optimum, as a way of
avoiding further needs during the subsequent 10 years.

It is possible to have more than one scope item per condition unit. In the example, the bridge has 36
elastomeric bearings, of which 7 are to be replaced and the remainder rehabbed.

Below the list of condition units is a list of functional improvement and miscellaneous scope items.
Functional improvements appear only if there are functional deficiencies to be corrected. The buttons at the
top of the pane are for managing scope items in Custom Candidates. You can create a new scope item, edit an
existing scope item, or remove a scope item, all by clicking a scope item in the list and then clicking one of
the buttons. These buttons are active only if a Custom Candidate is selected.
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Element Forecast

Q.00 Cikd
2919 DM

6.81 Replace

Condition over 10 years

The Element Forecast pane on the Dashboard worksheet provides detailed
information about one condition unit and scope item selected in the Scope
Pane.

The upper portion of the pane shows the predicted condition of the selected
condition unit at the beginning of the selected year, before the selected
candidate is implemented. The action column is the Pontis optimal action for
each condition state.

The bottom portion is a graph of predicted condition over the entire program
period, before and after the candidate is implemented. It is an area chart where
the vertical axis ranges from 0 to 100% of the total condition unit quantity.
Year 0 is just before the first program year, and year 9 is at the end of the final
program year. This example is the same one used for the Scope Pane, where 7
bearings were replaced and the rest were rehabbed in 2007.
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Managing Candidates

The project level analysis tool allows you to create up to three Custom Candidates on the Dashboard. This is
done by making a copy of another candidate, either Auto MRR&I or another Custom Candidate, in a
particular implementation year. Custom candidates have the same scope items in every implementation year,
but the life cycle cost analysis still varies depending on when the work is implemented. You would perform
this analysis when the scope of work and initial cost are being firmed up for program development, and later
when you want to see what effect a schedule change might have on a candidate that is already firmly scoped
and costed.

Each Excel file stores custom candidate data for one bridge. These data items include:
e Bridge cost and benefit adjustment factors (lines 36 and 37 of the Bridge Pane).

e Candidate name, direct cost adjustment, and indirect cost factors (Candidate Detail Pane).

e Scope item type, name, corresponding condition unit or functional need, action sub-category,
guantity, cost, and benefit (Scope Pane).

When you enter or change any of this information, the system stores it on the Candidates and Scope Items
worksheets. You can then use the Dashboard to visit any other bridge without losing this information. The
Home button on the toolbar indicates which bridge has custom data stored in the file: if you click it, you are
returned to that bridge and the custom information is displayed. The Home button is dimmed if there is no
custom candidate data in the file.

If you attempt to enter any custom data on a bridge, when a different bridge is already stored in the file, a
warning message will appear asking whether you want to discard the custom data on the earlier bridge.

If you would like to permanently store your custom candidate data, it is recommended that you use the Excel
File — Save As feature, and name the file in a way that identifies the bridge (e.g. use the Bridge ID in the file
name). Use a different copy of the file, without a Bridge ID in its name, when you are merely browsing

among bridges and not customizing them.

Marne of new candidate |Custc-rn 4|
Browse Bridge.xls Copy from candidate |2 - Ao MRRAT j inwear |2007 -
Replace custom candidate |4 - funused) j

[o]4 Cancel |

To create a new candidate, click the Auto MRR&I candidate or any Custom Candidate in the Candidate Pane,
then click the Duplicate button. A dialog box (above right) lets you name the candidate; specify the
candidate and year from which the scope items should be copied; and designate which of the three custom
slots should receive the new candidate. If you already have three custom candidates, you will need to over-
write one of them, since only three slots are available. Then click OK if you want to proceed.

To delete a Custom Candidate, click it in the Candidate Pane, then click the Clear button. The system will
ask you to confirm before clearing the slot.
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Managing Scope ltems

The Dashboard has features to create, edit, and delete scope items in any Custom Candidate. You cannot
modify the scope list in any of the Auto Candidates. If you would like to modify the Auto MRR&I candidate,
first create a new Custom Candidate as a copy of it, then modify the custom candidate. Preservation scope
items may be added to any condition unit, even if it already has scope items. Functional scope items may be
added for each functional deficiency present on the bridge, if a corresponding scope item is not already
present (i.e., if you previously deleted one). You can add as many miscellaneous scope items as you like.

To add a preservation scope item, first click the condition unit to which you
would like to add it. Then, to add any kind of scope item, click the New

button. The first dialog that appears, shown at right, asks what type of scope

item you would like to create. The Preservation button may be dimmed if
you did not first select a condition unit. The Functional improvement button
may be dimmed if all of the needed improvements are already provided in
the candidate, or if there are no functional deficiencies on the bridge.

What you see next depends on which type of scope item
you selected. If you chose a preservation scope item, the
dialog shown at right appears. The Action sub-category
pick list shows all the feasible actions defined for all
condition states of the selected element. You must select
one of these. Note that you cannot select do-nothing, but
you can delete scope items as described below.

You can enter the quantity of work in the scope item
directly, if you click the “Enter quantity directly” radio
button as in the top example. Alternatively, you can
click the “By condition state” radio button and then click
the checkbox next to each condition state that you would
like to include, as in the bottom example. The system
then calculates the quantity automatically, and provides
this in the box on the right. If you would like to see the
guantity in each condition state, merely move the dialog
box (if necessary) by dragging its title bar, so you can
see the Dashboard’s Element Forecast Pane underneath.

Next to each condition state checkbox on the left side of
the dialog is an indication of the suitability of the
selected action for that condition state. This may be
Optimal, Feasible, Applicable, or Non-Applicable. This
is for guidance only, as you are free to check any of the
boxes or enter any quantity. The preservation output
model works out the most appropriate life cycle cost
behavior for any quantity you choose.

News Scope ltem El

" Functional impravement

7 Customymiscelaneous

[o]4 Cancel ‘

New Scope Item for 12/4 - Bare Concrete Deck gl

Action sub-categary 1|:|1 -Re

" By condition stake

|

(% Enker quantity directhy

- 1,862.35 (5F)
-
-
-
-
oK Cancel ‘
New Scope Item for 12/4 - Bare Concrete Deck gl
Action sub-categary |101 - Replace deck j

" By condition stake

[ 1: applicable
™ 2: spplicable
[ 2 Applicable
v 4 Applicable
W i5: optmal;

" Enker quantity directhy

—

oK Cancel
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If you chose to add a functional improvement scope item,
you will see the dialog box at right. The pick list contains
all functional improvements that are needed on the bridge Improvement type | NPT ETTC
but not currently present in the candidate.

New Functional Improvement

If you chose to add a miscellaneous scope item, you will see the dialog : ]

. . . New Miscellaneous Scope ltem P§|
shown at right. You can enter any name for the item, and provide your own —
cost and benefit. The cost will be included in the “Direct cost” field of the Name: |
Candidate Details Pane, and the benefit will be discounted (because of the
future implementation year) and then included in the “Agency benefit” =
field. Benefit §

oF Cancel |

To edit any scope item in a Custom Candidate, select it and then click the Edit button. The dialogs for
editing are the same as those shown above for new scope items.

To delete a scope item, select it and then click the Remove button. Even if it has no scope items, every
condition unit on the bridge is always shown in the Scope Pane.
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Screening

Screening

FI ck & Bridge ID o =

Bridge ID Structure Mame C diz District Facility Carried Feature Inter 1k
136501 KEY RO AL DR OVER BInIRI 4 0 KEY RO &LE DRIVE BibAIRl BAY

164137 ROCKRIDGE RD OWVER GATOR 2 0 ROCKRIDGE ROAD GATOR CREEK

030059 =41 owr DRAIN CARAL 059 1 o1 =4 DRAINAGE CARAL 059

The Screening worksheet acts as a menu of bridges in a defined subset of the Pontis inventory. You reach the
worksheet by clicking the Menu button on the Dashboard, or by clicking the Screening button on the toolbar.
The bridge currently selected on the Dashboard will also appear selected on the Screening list, if it is present
there. When you click the up and down arrow buttons on the Dashboard, you will visit bridges in the same
order as they are shown on the Screening list.

There is a lot of flexibility in how you use this list. You can:
o Click a bridge ID to go directly to that bridge on the Dashboard;
e Click a column heading to sort the list on that column; click it again to reverse the order;

o Click the Filter button on the toolbar to set filter conditions, to determine what bridges appear in the
list;

e Click the Update button on the toolbar to reload the data from Pontis and re-calculate all the results
shown in the list;

e Use any functionality of Excel to manipulate and analyze the list;

e Add, move, or remove data items to be retrieved from the database whenever the list is updated.

The list can easily hold all of the more than 16,000 structures in the FDOT Pontis inventory, though it takes
several minutes to load so many. Usually you will want to work with smaller groups, such as the state-
maintained bridges in one district.

When you first visit the Screening worksheet, it will ask you if you want to update the list. If you click Yes,

this reloads all the filtered bridges from Pontis and computes an abbreviated form of the project-level analysis

on all of them, to produce the numbers shown in the list. If you click No, the list will remain the same as the
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last time you used it, and it is possible that some of the information will be out-of-date if new inspections
have occurred in the meantime. Information on the Dashboard, however, is always up-to-date with the Pontis
database, even if the Screening worksheet is not.

Above are shown the columns that are normally included in the list. Most of these are NBI data items and are
self-explanatory. However, the software also provides a number of performance measures, computed by
performing the project-level analysis on all bridges in the list, and using the Candidate that provides the
lowest life cycle cost in the first year of the program.

Name Description

health Health index estimated as of this year

hicat Highest action category

hisubcat Largest (in cost) action sub-category

recoat Yes if the Candidate includes total recoating
deckrepl Yes if the Candidate includes deck replacement
totalcost Total initial cost

totalben Total benefit

agcyben Agency benefit

userben User benefit

totbencost Total benefit/cost ratio

agcybencost  Agency benefit/cost ratio
userbencost User benefit/cost ratio

urgency Urgency of Candidate

replrank Replacement rank

avcond Average NBI condition

adt Average daily traffic estimated this year
growth Average growth rate

One of the columns you will use often is Urgency, a benefit/cost ratio describing the increase in life cycle
costs if work needed in the first year is delayed to the second year. Bridges with high Urgency numbers are
the ones most in need of immediate attention, from an economic standpoint. This is not the same as economic
priority: it is possible for a work candidate to have large life cycle cost savings but low urgency if its potential
savings are equally large in the second year. The Total Benefit/Cost ratio is more of an indication of priority,
though for certain purposes several of the other performance indicators could be valid indicators of priority as
well.
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Filter

Filter the Screening List @

If you click the Filter button on the toolbar while in the Screening
worksheet, you will see the dialog box at left. This is the Filter
dialog. You can click any one or more districts and/or custodians in

Diskrick [Tl Custodian I
1] 1 FOoT
02 D2 - Lake City 11 StPak
03 D3 - Chipley 12 LocPark
04 [ - Ft, Lauderdals 2 County
05 DS - Deland 21 Othst
06 D6 - Miarni 25 Othloc
07 D7 - Tampa 26 Private
0% D - Tumpike 27 Railroad
09 Central Office 3 Taown
10 Deistrict 10 31 STall
11 District 11 22 LocToll
12 District 12 33 Tumpike
4 City
B0 Fed
62 LSBIA
B2 LISBFI
b4 LISFS
BE  LISMPS
B7 TWh
68 LISBLM
69 BuRec
F0  COEC
71 COEM
a0
99
v Cmit pales, signs, and walls
(04 Cancel

these lists. Click the All checkbox to select all the items in the list. |
you check the “Omit poles, signs, and walls” box, the filter accepts
only bridges with numeric values of bridge.servtypon (service type
on bridge).

After you click OK, the software will load all the selected bridges
and perform the project level analysis on all of them, to update the
Screening worksheet. This can take from several seconds to several
minutes depending on the number of bridges selected.

built into Excel. For example, if you choose Excel’s Data — Filter —
AutoFilter command, Excel will provide drop-down arrows next to
each column heading, as shown below. Click one of these arrows
(e.g. Deck rating in the example) to see a list of all the values that

Screening

Fl 5 Bridge 1D t

L1113
-TSMNBIGATOR CROSS CAMAL

174083  BAHIA VISTA ST OWR PHILL 100 27 023 952 a1 (Top 10...}
135001  CRESCENMT DR OWR CRESCENT 600 45 003 778 78 77.4 (Custom...)
074030  POLLYWWOG POINTROLLY WO 600 34 003 58.5 8.1 1.4 3

044021  SMITH AYE, OWER SLOWY CRE 600 24 0.07 60.0 70 808 o

175690  35TH ST OVER WHITAKER CR 600 25 0.07 780 5.2 824

064033  CWWEN ROBERTS ROADAY, FOR 00 44 0.06 474 £S5 &7 7

094008  SCHLOSSER RD / SCHLOSSER 00 29 0.06 785 &7 azda

030048  US-41 O%R DRAINAGE CANAL 00 132 005 715 54 i

164301  CLD AVON PK. OWER LIVING 00 &3 005 ik 54 77gM ks
174043 Trionfo Avenue Over Chan GO0 45 0.05 ra 87 G854 EE;‘EB';”RS)
030054  US-#1 O%R DRAINAGE CANAL 600 132 005 74.0 54 7. r 1 B

f

In addition to this feature, you can take advantage of filtering features

‘ occur in the column, as well as other features for subdividing the list.
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The Details worksheet is an annotated log of all the calculations performed during the project level analysis of
the bridge shown on the Dashboard. It shows intermediate results, branches in the logic, and an explanation of
all the final results. You can print this from Excel as a report if desired. You can also use the tables in the
worksheet as a starting point for your own Excel models to further analyze the bridge.
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Three worksheets, normally hidden, provide behind-the-scenes storage of raw bridge data presented on the
Dashboard and used in the project level analysis. They are not accessible from the toolbar.

e Inventory — Each time you visit a new bridge, data about that bridge are loaded into this worksheet.
From there, the information is presented on the Dashboard using Excel formulas. This worksheet can
be customized if necessary.

e Candidates — If you create Custom Candidates, the system saves information about them on this
worksheet. This information includes the Candidate name and cost factors.

e Scope Items — If you create Custom Candidates, the system saves their lists of scope items in this
worksheet.

Unless you are an advanced user wanting to customize the system, you probably will never need to visit these
worksheets.
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Definition and Model Worksheets

Half the worksheets in the system hold modeling input data, some imported from Pontis and some updated by
the system administrator as part of an annual process.

e  Parameters — Miscellaneous modeling parameters (right) used throughout the analysis. Each item on
this worksheet has an Excel Model Parameters
comment explaining it. This

riis Lewvel ot g Design
WorkSheEt IS meant to be Lane  Shoulder cle\:::c::el Ope::tt:;g DST:T::d Lane  Shoulder cle\:gllﬂccil Zﬁiﬂ
updated manua”y once a year. Functional class width () wicth (m) O] [kt | width (m width (m m factar
01 Rural Interstate 34 03 43 41 54 37 43 43 12
. 02 Rural Cther Princ 34 0g 43 36 878 37 24 44 12
e Code tables — This worksheet 08  Rural Minor Arterial 34 09 43 3 E a7 24 44 12
consists of lists of NBI codes L T N S R N N T WY
09 Rural Local 34 03 43 27 40 37 24 44 12
and more readable labels 11 Urban Interstate 34 03 43 41 51 37 43 43 12
i 12 Urban FayE 34 03 43 36 &3 37 24 43 12
representlng them. These_are 14 ukZﬂoﬁQ ::?nv‘;y 34 03 43 6 &3 37 24 44 12
assumed to be near|y static, so 16 Urhan Minor Arterisl 34 04 43 3 48 a7 24 44 12
. 17 Urban Collector 34 03 43 3 43 37 24 44 12
VIEW u 19 Urban Local 3.4 0.9 4.3 27 32 3.7 2.4 4.4 1.2
they are reviewed and updated
manual Iy eaCh year Short brédge rule: If I::gt:::_@ﬂ m. then desired width must be == _mtimes aroacdwidth 3
ypass speed factor
hd Elementddfefl nltlhons - Data Pairt system replacement threshuld%
Imported from the Pontis _ _
Sel sts 5 Unit costs F per so.m
elemdefs table p|us additional Cast per accidert 94291 Replacement by max. span (m)
N ! Detours per km 027 upto 20 500 [ 1
modeling parameters, updated Detours per hr 2843 upm@ £75
. - Weight 100% longer 1100
manually, for the deterioration Widering 50
model and the action e e e T =
applicability model. i
Joint
e State definitions — Data Decic Win. Length (m) 762
- . Equipment/imachinery Length Swell 12
|mp0rted from the Pontls Supe.rstructure Annual tending cost § | 100,000
statedfs table. S e
Cuilvert
e Action definitions — Data _—
imported from the Pontis Design and CEl cost|__ 10]% of adusted direct cost
mrractdf table. Each Pontis TR TR I
- - - - IFan arter| -. -
action is associated with an Urban artetisl=TRUE 856.0093
- Lanes x length 07323
action Category here. Appralion=6 and Dkrating=6 03409
Appralion==6 and Dkrating=6 0.5031
HH H Appralion=6 and Dkrating==6 0.4531
e Condition unit models — Data Azzra|i§n==s and Dkraﬁﬁg::ﬁ 07893

imported from the Pontis
condumdl table, including failure probabilities and costs.

e Action models — Data imported from the Pontis actmodls table, including deterioration transition
probabilities and preservation unit costs.

e Action sub-categories — Additional modeling parameters for the scale feasibility and deck
replacement models. These are updated manually.

Unless you are an administrator, you will probably never need to visit these worksheets, and they are not
accessible from the toolbar. For any given bridge, the modeling inputs used in the project level analysis are
given in the Computational Details worksheet.
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This worksheet is important to the system administrator when preparing the model for use each year. It
contains fundamental parameters controlling the behavior of the software, including the connection to the
Pontis database. It also provides storage for the items on the Options dialog.

Configuration

Configuration options

US Customary units TRUE iz 4. FALSE

Discount rate 0.95 Connect String'||DSN=FIOrida P34 2001 ;UID=Partiz; MD=Pontis

First wear of program 2003 K
Number of years 3 Import Definitions and Matwork-Lewvel hModels |

Uszer preferences

Advanced TRUE
Auto update screening FALSE
Sort by clicking TRUE

Normally you will not need to visit this worksheet unless you are the system administrator, and it is not
accessible from the toolbar. If you have trouble connecting to the Pontis database, your administrator may
recommend changes to the Connect String.
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Life Cycle Cost Framework

The project level analysis tool is essentially a life cycle cost model, that performs a net present value analysis
of the costs likely to occur over a bridge’s life. To give it decision support power, the model provides its
greatest level of detail during a program period of 9 years, when a bridge project may take place, and less
detail during a subsequent period of indefinite length. The tool compares alternative definitions of a project,
called Candidates, and alternative implementation years, to aid the engineer in planning the work. The tool is
purely a predictive model, not an optimization, that outputs performance measures useful to decision-making.

The following diagram summarizes the objects that participate in the analysis. The primary analytical results
come in the form of Candidates, which are alternative patterns for scoping of a project. There are three types
of automatically-generated candidates, and engineers may also create three Custom Candidates. Most
Candidates (other than Do Nothing) are evaluated separately for each possible implementation year, each
Candidate-Year having a different list of Scope Items.

Roadway data from Pontis feed into a functional needs analysis, resulting in functional scope items that
reduce future user costs. Condition unit data (line items in the most recent inspection) combine with element-
level preservation models from Pontis, to form preservation scope items that reduce future agency costs.
Engineers may also add their own miscellaneous scope items with user-defined costs and benefits.

g 5
_% On - 8 Replacement
S Under = Raising
@ L g Widening
= B Strengthening
k= = Usable L% Moveable Bridge
k=]
£5 Smart Flag State-Envt
o
@ | Do Nothing (1)
©
S | Auto MRR&I (1) -
g [ pcion |
% Auto Replace (1)
®] Custom (3)
V'S
L‘ Candidate Year ‘
t
i‘; Preservation |«
o Functional <
) -
& Miscellaneous 4_—,m<oub-Category

Each candidate type has its own characteristic life cycle cost profile, consisting of three phases:

e Justification phase, which predicts deterioration and user costs from the latest inspection up to the
year in which a candidate is being considered.

e Implementation phase, where predicted needs at the investigated point in time are converted to a
definition of a realistic candidate project with a scope and initial cost.

e Consequence phase, predicting the long-term outcome resulting from the considered project.

Follow the links for more information about all the components of the life cycle cost analysis.
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Justification Implementation Consequences
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The justification phase of the life cycle cost analysis is the build-up of needs that occurs in the years before a
candidate is implemented. The FDOT project-level analysis tool estimates the following cost components:

o Failure risk. Pontis uses failure cost as a penalty for allowing portions of an element to remain in the
worst defined condition state without remedy. At the project level, the natural interpretation of this
concept is the possibility of needing emergency repairs to maintain an acceptable level of service on
the bridge.

e User cost of functional deficiencies. This includes the cost of excess accident risk and truck detours,
according to the FDOT Pontis user cost model.

e User cost of moveable bridge openings. This includes the delay to all road users caused by frequent
opening of moveable bridges to allow passage of ships.

To calculate these quantities as well as those needed for subsequent phases, the model simulates the
deterioration of each bridge element from the most recent inspection to the year in which a candidate project
is contemplated, using the same Markovian transition probabilities used in Pontis. When a portion of the
element reaches the worst defined condition state at least one year before the contemplated work, it is
assigned a failure risk penalty. By convention, the failure penalty is recognized at the end of a year based on
conditions forecast at the end of the preceding year.

Certain bridge elements, namely expansion joint seals and drainage systems, exist primarily to slow the
deterioration of other elements. The secondary effect of one element on another cannot be modeled
effectively in the Pontis network optimization, but is significant and should be addressed at the project level.
During the simulated deterioration, this effect is modeled by changing the environment classification of
protected elements (most superstructure and substructure elements), according to the predicted condition of
protector elements on the same bridge.
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Justification Implementation Consequences
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The project level analysis tool is not meant to generate optimal projects, but it does have a convenient method
to create reasonable first-cut candidates, consistent with the Pontis network optimization and respecting
certain constraints on realism of candidate definitions. These provide a reasonable measure of need, project
urgency, and economic merit for the life cycle model. It is expected that the engineer will revise the scope of
the project, by creating Custom Candidates, based on his or her own knowledge of the bridge.

Three candidate types are always generated automatically:
o Do Nothing - no action in any year of the planning period;

o Auto MRR&I - do a reasonable set of actions in response to all maintenance, repair, rehabilitation,
and improvement needs on the bridge, in one year of the period (a separate life cycle activity profile
is generated for each of 9 possible implementation years);

e Auto Replace - replace the bridge in one year (again a separate definition for each of the 9 years).

In addition, the engineer may specify up to three additional candidate scopes, and analyze each one in any
implementation year.

The process for generating the Auto MRR&I candidates is very similar to what is done in the Pontis program
simulation, using the Pontis network optimization results to identify preservation actions on each element, and
using level-of-service standards to identify functional improvements. A few refinements are imposed on this
process to generate realistic project candidates.

A cost model estimates the direct and indirect costs of each candidate. Indirect costs include maintenance of
traffic, mobilization, and engineering. The preservation costs developed in the earlier FDOT agency cost
study were divided into direct and indirect components, based on rules of thumb that depend on the type of
element.
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In the idealized life cycle cost analysis, costs of a candidate project are assumed to occur on the first day of its
implementation year, followed by 10 years of inactivity when the bridge is allowed to deteriorate. User costs
may occur during this period if any functional needs are left uncorrected.

At the end of the 10-year hiatus, it is not necessary to plan specific projects, but it remains necessary to
estimate residual life cycle costs. Such an estimate must be sensitive to the ending condition of each element:
if work is done during the program period, ending conditions will be relatively good, and further needs will be
relatively small, compared with the do-nothing case. Pontis provides in its network optimization an estimate
of long-term costs, sensitive to the starting condition state and choice of action. To use this as an estimate of
long-term residual costs, only a few refinements are necessary:

e Model 10 years of do-nothing deterioration from each condition state, then calculate long-term costs
from the resulting conditions using Pontis optimal actions.

e Whenever a portion of an element reaches the worst defined condition state, impose a failure risk
penalty one year later in the same way as is done in the justification phase.

e Long-term costs are assumed to occur exactly 10 years after the candidate project, since Pontis
already accounts for all discounting beyond that. Failure costs are assumed to occur on the last day of
each year, consistent with the way they are used in the justification phase.

As a matter of convention, the failure risk penalty is imposed during the 10-year period when no action is
allowed, but it is not imposed afterward. This is because element failure is not allowed to occur in a Pontis
optimal policy. If any functional needs are uncorrected, they are either assumed to continue indefinitely
beyond the 10-year period, or a bridge replacement cost is incurred, whichever gives the lowest life cycle
costs. In the former case, traffic growth is assumed to stop.
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Net present value analysis is used to compare costs occurring at different times in the bridge life cycle. Cash
flows that occur in the future are discounted to a lower value when compared with cash flows that occur
today, to reflect the fact that cash received today is more valuable — less risky — than cash in the future.
There is no standard value for discount rate: what is most important is to select a reasonable rate consistent
with agency policy, and use it consistently across all asset types managed by the agency.

The discount rate is based on the forecast real interest rate, i.e. the interest rate with inflation removed. It is
calculated as follows:

1

Discount rate a= -
1+int

where: int is the real interest rate

Although it is not, in principle, required that inflation be removed from a life cycle cost analysis, this is
normally done in the name of simplification. Inflation is less predictable than other economic inputs to the
analysis, and it does not have a material effect on the results unless different cost factors are modeled to
inflate at different rates. Including inflated unit costs at every point of input of economic data would
complicate the models considerably. The project level analysis tool does not include such functionality.

Certain conventions in the life cycle cost analysis govern the length of discounting:

¢ Initial agency costs and long-term costs occur at the beginning of the implementation year.

e User costs and failure risk costs occur at the end of the year.

o All costs are discounted to the end of the year in which the model is run, as determined by the
computer’s system clock.

Here is an example of a discounted cash flow analysis:

Today's dake| 10/28/02
Discount rate 0.95
End-of-year costs Eeginning-of-year costs
Frogram  Calendar F zilure Diszount- Long- Diszount-
year year] User cost risk| Oiscount  ed sumf Initial cost term cost| Discount ed sum
today 2002
1 2003 30,789 4443 0.450 33470 ] 1] 1.000 0
2 2004 30,878 1,386 0903 29,208 ] ] 0,950 0
3 2005 HIET 1425 0867 27944 0 0 0,903 0
4 2008 1,368 1556 0815 26,808 ] ] 0.867 0
] 2007 ] 1 0774 o 109425 ] 0815 89,128
[ 2008 1] 1] 0.735 1] 1] 1] 0774 0
7 2009 ] 1 0698 1 ] ] 0,735 0
3 2010 ] 1 0L.6ES 1 ] ] 0.635 0
3 2011 1] 1] 0630 1] ] 1] 0.EE3 0
long-term 2012 1] 1 0.593 1] LU ] 0.530 111,891
Tatal 17431 201,019

Life cycle cost  31%,450]
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Fundamental Models

All of the analytical models in the system are procedures written in Visual Basic for Applications and
contained within the Excel workbook file. The framework consists of a collection of sub-models that work
together to serve the life cycle cost framework. Some of the models are used in more than one stage of life
cycle costing. Certain models are adapted directly from Pontis and are intended to give the same results as
Pontis, while others are developed specifically for project level analysis. The main models are:

Deterioration — Predicts future conditions of elements on a bridge, based on the most recent
inspection and a possible candidate project implemented during the program period.

Action cost and effectiveness — Predicts the outcome of a candidate by aggregating the effects of
individual elements of a bridge.

Candidate definition — Provides a reasonable, but not optimized, set of candidate projects to be
compared in a life cycle cost analysis.

Failure — Describes the limiting behavior of an element if deteriorated conditions are not corrected.

Long-term cost — Estimates life cycle costs beyond the end of the program period, based on
conditions predicted at the end of the period.

Functional needs — Predicts the economic effect of functional deficiencies on road users.

See Candidate Definition for information on how all these models are integrated to predict life cycle costs for

each type of candidate.

Information about all the Pontis models may be found in AASHTO, Pontis Technical Manual, Release 4.0.
American Association of State Highway and Transportation Officials, Washington, D.C., 2001.
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As the primary cause of preservation needs in a bridge inventory, deterioration is the main driver of the life
cycle cost analysis in the project level analysis tool. The system uses the same Markovian model as Pontis.

A Markovian model assumes that the probability of making a transition from one condition state to another
depends only on the initial state, and not on past conditions or any other information about the element. Thus,
the model is expressed as a simple matrix of probabilities, which can be manipulated by matrix multiplication.

At the project level, an important phenomenon to be modeled is the effect of protective elements, such as
joints and drainage systems, on the elements they protect (most superstructure and substructure elements).
The system therefore has a set of deterioration refinements that quantify this effect.

Inspections and predicted conditions are all assumed to occur at the end of the year. The model predicts
conditions described as “today” (the date the analysis is run) using the integer number of years from the
inspection date to the computer’s system date. The base year given on the Configuration worksheet is the first
year for which candidates are defined and programmed. These candidates are based on conditions at the end
of the preceding year, which is usually the same as the “today” year.
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Markov Transition Probabilities

A Markovian deterioration model assumes that the probability of making a transition from one condition state
to another depends only on the initial state, and not on past conditions or any other information about the
element. Thus, the model is expressed as a simple matrix of probabilities, which can be manipulated by
matrix multiplication.

TRAMNSITION FROEAEILITIES FREQICTED COMOITIOMNS
TaState Tear| Srate]] Stated, Stated  Stated
FromState 1 2 3 4 2001 100.00 0.0a 0.00 0.00
1 9693 .07 0.00 0.00 200z 96,93 207 0.00 0.00
2 0.00 9637 363 0.00 2003 33.95 543 o 0.00
3 0.00 0.00 92,38 752 2004 3107 280 0.32 0.01
4 0.00 0.00 0.00 a7.08 2005 8827 1.09 0.51 0.03
2008 2555 13.39 0.496 0.03
F ailure prob ability 12,942 2007 8294 15.63 138 015
Bl amounts in percent 2003 80.29 1752 183 0.26
2009 Tr.Aaz 19.35 233 0.40
2010 T5.53 21.04 286 0.57
201 7321 z22.59 240 0,74

The table shows a typical transition probability matrix at left. The rows are condition states at the beginning
of the year, and the columns are condition states at the end of the year. So for example the table indicates that,
for all units of the element starting the year in state 1, 96.93% will remain in state 1 after one year, and 3.07%
will go to state 2.

The rows of a transition probability matrix must always sum to 100%. (For this purpose the final row includes
the failure probability.) Since the matrix describes the change in condition when no rehabilitation action is
taken, the probabilities from any condition state to better states should always be zero. Once an element
reaches the worst state, it is assumed to stay there for most purposes. However, there is a concept of element
failure that is used in the life cycle cost analysis.

Conditions at any future period can be predicted with a Markovian model by simple matrix multiplication.
The table above right shows an example of how a starting position changes over 10 years. The condition in
2005, for example, was calculated from 2004 as follows:

State 1: 88.27% = 91.07% x 96.93%
2: 11.09% =91.07% x 3.07% + 8.60% x 96.37%
3: 0.61% =8.60% x 3.63% + 0.32% x 92.38%
4: 0.03% =0.32% x 7.62% + 0.01% x 100% (stays in state 4)

Note that the sum for each period must be 100%.

It is possible to derive transition probabilities if the median number of years between transitions is known.
Often this is an easier way to develop a deterioration model from expert judgment. This was the procedure
used in the FDOT Pontis Agency Cost Study. If it takes T years for 50% of a population of elements to
transition from one state to the next, then the probability in a one-year period of staying in the starting
condition state can be calculated from:

P=05%"

So if it takes a median of 6 years to transition from state 1 to state 2, then the transition probability of staying
in Good is 89%. If we assume that all the rest of the element deteriorates to Fair, then the transition
probability from Good to Fair is (1-P) = 11%.
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Deterioration Refinements

Certain bridge elements, namely expansion joint seals and drainage systems, exist primarily to slow the
deterioration of other elements. The secondary effect of one element on another cannot be modeled
effectively in the Pontis network optimization, but is significant and should be addressed at the project level.
During the simulated deterioration, this effect is modeled by changing the environment classification of
protected elements (superstructure and substructure elements (101 to 235), pile jackets (298 and 299) and
bearings (310-315)), according to the predicted condition of protector elements on the same bridge.

It is important that the transition probabilities used in Pontis for deterioration prediction describe the
“median” behavior of bridges in the inventory, so the rules for deterioration adjustments are balanced to
roughly equalize the number of upward and downward shifts in environment. This could not be done strictly
with condition information, because a large fraction of Florida joints and drainage systems are in excellent
condition. This is why traffic and age are also considered.

For joints, the deterioration refinement model works as follows:

o If the health index score for all joints on a bridge is less than 50%, then shift all protected elements to
the next more severe environment, except for protected elements that are already in the severe
environment.

o If the health index score for all joints on a bridge is 100%, and if traffic volume for the roadway on
the structure is less than 6600, then shift all protected elements to the next more benign environment ,
except for protected elements that are already in the benign environment.

The latter rule uses the traffic volume predicted for the year when conditions are predicted.
For drainage systems, the deterioration refinement model works as follows:

o |f the health index score for all drainage system elements on a bridge is less than 50%, then shift all
protected elements to the next more severe environment, except for protected elements that are
already in the severe environment.

o If the health index score for all drainage system elements on a bridge is 100%, and if yearbuilt for the
structure is greater than or equal to 1970, then shift all protected elements to the next more benign
environment , except for protected elements that are already in the benign environment.

These rules are applied during the justification phase of the life cycle cost analysis, when joint predictions of
condition for two related elements are reasonably reliable. Such predictions are not reliable after
implementation of a candidate project, so the refinements are not used in the consequence phase.
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Each element and condition state in Pontis has a set of
feasible actions defined for it. These same actions, and

Condition state Action

1 Mo damage 0 Do Mathing 0 1]

their preservation models, are used in the project level 1 Add a pratestive sys 00 2
analysis tool. 2| Miscellanecus Maint 400 401
Shown at right is an example of the feasible actions 2| Distress <= 2 E1' 2” ”f“hi“f: o 403 4;'1
defined for a typical deck element on the MR&R Action ; A::T;E‘:EZW:SZ? o0 2
Definitions worksheet. Each condition state currently 3 21010 % distress | 0| Do Mathing 0 0
has up to three actions, one of which is always do- 1| Frepair spalled areas 400 40
nothing. In the FDOT Pontis Agency Cost Study, the 2| Fiep spall & add prat 0o 132
1400 feasible actions defined in the FDOT Pontis 4 100 253 distress | 0 Do Mothing o 0
database were grouped into 5 categories (Do Nothing, 1| Fiepair spalled areas 400 401
Replace, Rehab, Repair, and Maintain) and 50 sub- _ 2 Riep spall & add prot il Lo
categories useful for cost estimation. This concept is | Distress over 25% | 0) D Mothing 0 !

. . . 1 Repair zpalled areas 00 132
used extensively in the system. (See Sobanjo, J.O. and 2| Replase deck i o

P.D. Thompson, Development of Agency Maintenance,
Repair, and Rehabilitation (MR&R) Cost Data for Florida’s Bridge Management System, Florida Department
of Transportation, Tallahassee, FL, 2001.)

Within each condition state, the available actions have three levels of suitability as corrective measures to
offset deterioration. These are:

e Optimal — The action has the lowest long-term cost in the Pontis network optimization, of all the
feasible actions defined for the state.

o Feasible — The action is physically capable of being applied to the condition state, would be effective
to some degree in correcting the deterioration, would be justifiable for that state in its own right, and
has Pontis models defined for it.

o Applicable — The action is physically capable of being applied to the condition state, would be
effective to some degree in correcting the deterioration, but would not be justifiable in its own right
unless the same action is also applied to other states on the same bridge element where it is more
suitable, as a part of an effort to capture economies of scale. Pontis models are not defined for it.

The concept of applicability does not exist in Pontis, but was developed for project level analysis to enable
the engineer to define more realistic candidate projects. It is common to expand a project to encompass more
condition states than Pontis would consider feasible or optimal (usually states 2 and/or 3), as a way of
forestalling the need to revisit the bridge any time soon.

Actions that are feasible for a given condition state are automatically also considered applicable. When an
action is applicable but not feasible for a given state, then the predictive models of the system must look to
another condition state, where the action is feasible, to find an appropriate set of Pontis models. This is done
by the output prediction model.
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Preservation Models

The project level analysis tool relies on Pontis for most of its preservation models, including deterioration,
action effectiveness, agency cost, long-term cost, preservation benefits, and the designation of optimal
actions. The Pontis optimization is typically updated whenever its inputs are changed, which occurs very
infrequently. After this happens, a feature in the project level tool can load the updated models into Excel.

Here is an example of the preservation models imported from Pontis.

ELEMENT 110 - RIConc Open Girder [Environment 4)
Guanticy 165,00 m. [551.21[LF)] 4 states; Group 5
FailCozt $6375.00/m.; FailProb: 12.34%

INPUT 2 EY CONDITION STATE AND ACTION

FromEtate Ackian Eub-categary Prabi Prab2 Prab3 Prabd [Applicability WarCost FixlCazt LTCast
1 >0 DN 000-0o nathing 6,33 307 000 0.00 1 0.00 0.00 1352

1 Mizz 405-Patch minar spalls 96,33 .07 .00 0.00 1234 E0.TE 21.217 200.55

2 >0 DN 000-0o nathing 0.00 63T 365 0.00 2 0.00 0.00 210

1 Zeal&Paktch | 403-Patch minar spalls 47.25 50.53 156 0.00 1234 102.37 F5.28 FT0.30

<] >0 DN 000-0o nathing 0.00 0.00 3255 T.E2 <] 0.00 0.00 TEGA2

1 Cln&Patzh | 303-Clean rebar and pateh E1.13 34.45 383 013 23 45607 17013 559.95

4 0| On 000-0o nathing 0.00 0.00 000 &7.06 4 0.00 0.00 1,353.50

1 Rehab 203-Rehab concrete 64,22 2554 E.77 0.45 234 1,215.13 42531 1,586.73

»r 2 Replace 141-Feplace beam 96,33 307 0.00 0.00 34 53324 4TI 133243

LOMG-TERM LIFE CVCLE COETE B CONDITION STATE

Zkake Rzl TC RezRizk
1- Mo deterioration 115.03 242
2 - Minor cracksizpallz F2.25 3943
3 - Delamsd zpalls 61163 F256.63
4 - Analysiz warranted GaaE0 GST.4d

The example shows the condition states and feasible actions defined for element 110. Each action has an
action sub-category to which it belongs. The ProbN columns are the deterioration model. Applicability
indicates which condition states may receive the action.

VarCost and FixCost are variable and fixed (direct and indirect) components of the agency cost of each
action. In principle, variable costs are directly proportional to the quantity of work, while fixed costs act as
more of an overhead that does not necessarily vary linearly with quantity. Pontis always adds these costs
together in its models, but the project-level analysis tool has a separate process for estimating indirect costs at
the candidate level.

LTCost is the output of the Pontis network optimization. It represents the unit life cycle cost if the action is
taken each time any of the element reaches the indicated state (assuming the optimal policy is followed for
every other state). The action with lowest LTCost for each state is optimal for that state. For example, action 2
(Replace) is optimal for state 4 in the above example.

The unit benefit of any preservation action is calculated by subtracting the LTCost of the subject action from
the LTCost of Do Nothing in the same state. If this difference is greater than zero, then performing the action
has a lower life cycle cost than doing nothing, making it an attractive option.

Each element has a failure cost (FailCost) and probability (FailProb) treated as inputs in Pontis. The project
level tool has an interpretation of this concept that is useful when looking at bridges individually.

In the section of the above example on long-term life cycle costs, ResLTC is a residual life cycle cost used in
the analysis to represent future work beyond the near-term analysis. It is derived directly from LTCost.
ResRisk is the failure risk cost incurred during the 10 years of inaction that is mandatory after implementation
of any do-something candidate in the models, derived from FailCost and FailProb.
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Action Sub-Categories

With 1400 separate actions defined for Florida elements, the MR&R (maintenance, repair, and rehabilitation)
action scheme is rather unwieldy for many purposes in the project-level analysis. Therefore a simpler scheme

with only 50 sub-categories was defined, as shown below. Each Pontis action is associated with one sub-
category, serving to group similar actions together.

W hite cells represent valid sub-categories; numbers refer to footnotes
|Action Category
Object 100-Replace  200-Rehab  300-Repair 400-Maint
Materials 0 Other material
1 Deck
2 Steel/coat (incl metal)
3 Concrete
4 Timber
5 Masonry
6 MSE
Hi-Maint 10 Other element
11 Joint
12 Joint seal
13 Bearing (incl p/h)
14 Railing
Drainage 21 Slope prot
22 Channel
23 Drain sys
Machinery 31 Machinery
32 Cath prot
Major 41 Beam
42 Truss/arch/box
43 Cable
44 Substr elem (exc cap)
45 Culvert
46 Appr slab
Appurtenances 51 Pole/sign

Footnotes

. Wash structure

. Rehab deck and replace overlay

. Repair deck and substrate

. Repair potholes

. Replace paint system

. Spot paint

. Restore top coat

. Clean rebar and patch

9. Patch minor spalls

10. Includes electrical, hydraulic, and mechanical elements
11. Repair and lubricate

12. Includes fenders, dolphins, and pile jackets
13. Mudjacking

W ~NOO O WDNEPR
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The project level analysis tool has four types of candidates, each with its own set of conventions for scoping
and life cycle activity profiles, as illustrated above. Do Nothing has just one candidate, describing the case
where no work is done in any year of the program period. Auto MRR&I, Custom, and Auto Replace each
have nine candidates, representing implementation in each of the nine program years. Each of these has its
own life cycle activity profile and its own total life cycle cost. Up to three sets of Custom candidates can be
defined by the engineer.

Each candidate, except Do Nothing, may have scope items. Replacement candidates have only one scope
item, replacement. Custom candidates have the same set of scope items for each year of the program, while
Auto MRR&I candidates may have different scope items each year. Each scope item corresponds to one
condition unit (one element inspection record in Pontis) and one action sub-category, or one functional
improvement. It is possible for Auto MRR&I or Custom candidates to have more than one scope item for any
given condition unit.

In their life cycle activity profiles, the types of candidates differ in how they generate the four major cost
components. Do Nothing recognizes a long-term cost immediately after the end of the program period. The
other types have a ten-year period of inactivity following a candidate’s implementation year, before long-term
costs are recognized.
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Do Nothing

Do Nothing represents the “base case” of the project level model, the scenario against which all other
candidates are compared. The benefits of any candidate are computed by subtracting its life cycle cost from
that of Do Nothing.

< Long
term

cost

Nine-year program period
Decision
point

end of
this year

l

2002

<
o
o
N

(a0}
—
o
N

As the life cycle activity profile diagram shows, do nothing has three cost components:

o Failure risk, representing the possibility of element failure during the program period. This is called
“near-term risk” on the Dashboard worksheet.

e User cost, recognized if there are any functional needs on the bridge. User cost is assumed to continue
without growth following the end of the program period. This long-term user cost is capped at the
discounted bridge replacement cost.

e Long-term cost, representing future costs after the program period, as a function of ending conditions.

The deterioration model and traffic growth model are the reasons why costs of the first two components
increase over time. User cost continues, without further growth, after the end of the program period unless
bridge replacement gives lower life cycle costs. Failure risk does not continue because failure is not a part of
the Pontis optimal policy.
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Auto MRR&I and Custom Candidates

Most of the analytical capability of the system is concerned with the Auto MRR&I (maintenance, repair,
rehabilitation, and improvement) candidate, and Custom candidates created from it. The project level analysis
tool has automated procedures to create a reasonable — but not optimized — first-cut project scope based on
preservation and functional needs forecast for each year of the program.

The engineer is encouraged to create Custom candidates by making a copy of an Auto MRR&I candidate in a
particular year, and then modifying it by adding, deleting, or editing scope items. Custom candidates can have
any type of scope item other than replacement, including miscellaneous scope items with a user-defined cost
and benefit. Preservation scope items can have a user-selected action and quantity, from which the model
calculates the cost and benefit.

Functional improvements
Preservation scope items

>

Implementatjion
years

Initial
agency
cost

Implementation
years

These candidates contain all of the major cost components.

Failure risk, representing the possibility of element failure during the program period. This occurs in
the program years before implementation, and also occurs during the ten-year inaction period
following implementation. The sum of these two parts is called “near-term risk” on the Dashboard
worksheet.

User cost, recognized if there are any functional needs on the bridge. If the candidate contains any
functional improvement scope items, the user cost is reduced or eliminated. (Only replacement is
guaranteed to eliminate all excess user costs.) If user cost is not completely eliminated, it is assumed
to continue without growth following the end of the program period. This long-term user cost is
capped at the discounted bridge replacement cost.

Initial agency cost, the actual cost of the work to be done during the implementation year. This is
assumed to occur at the start of the year. Custom candidates can have user-specified indirect cost
factors. They can also have total cost and benefit adjustment factors.

Long-term cost, representing future preservation costs after the 10-year inaction period, as a function
of ending conditions.

The deterioration model and traffic growth model are the reasons why costs of the first two components

increase over time. Failure risk and long-term cost in the consequence phase are calculated from the results of
the preservation output model.
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Preservation Scoping - Auto MRR&l

To generate a reasonable project scope for the Auto MRR&I candidate, the project level analysis tool operates
in a manner similar to the Pontis program simulation, in that it uses the network-optimal action for each
condition state of each element where feasible. However, the model also imposes several refinements that
modify the project to make it more realistic. The effect of the refinements is that the candidate is more
practical, but might not be strictly optimal in a pure economic sense. It is expected that the engineer will
modify many candidates, by creating Custom candidates, as a part of the gaming process. Regardless of
whether a candidate is economically optimal, the model will provide valid feedback in the form of predicted
conditions, life cycle costs, and other performance measures.

The following steps are executed as a part of generating an Auto MRR&I candidate for a given bridge and
implementation year:

o Scale feasibility — The potential quantities of feasible actions are investigated to ensure that the
implied quantity of work is in a practical range. This eliminates actions too small to be performed
economically, and actions so large that a higher-type action (such as replacement) would normally be
more appropriate.

e Total recoating — A special variation on the scale feasibility model is evaluated to determine whether
all coated elements on the bridge should have their paint system replaced, rather than spot painting or
over-coating.

e Action selection and guantity prediction — From among the actions that are still feasible after the scale
feasibility model, the one with lowest life cycle cost for each condition state is selected. This may or
may not be the original Pontis optimal action. Certain actions may be expanded to encompass more
condition states (usually states 2 and/or 3), as a way of forestalling the need to revisit the bridge any
time soon.

o Deck replacement — If the deck is replaced, all barriers, joints and drainage systems on the bridge are
also replaced.

These refinements are somewhat similar to what is done in Pontis 4.0 with its scoping rules. However, the
emphasis is quite different. The objective is not to scope projects automatically, but rather to give the engineer
a more realistic starting point for his or her own investigation.

Each scope item corresponds to one condition unit (one element inspection record in Pontis) and one action
sub-category, or one functional improvement. It is possible for Auto MRR&I or Custom candidates to have
more than one scope item for any given condition unit as in element 298 in the following example.

Forecast condition Jan 1, 2003 Hew Edt Remave Scope of Custom 4

Cost Benefit

Element Condition Action Gy | (F0O00)  CHO00) BAC
3813 - Bare Concrete Slab [(ZF) [ I

205/3 - RConc Calumn (EA) [ I

2513 - RiConc Abutment (LF) I I I

23413 - RiConc Cap (LF) [ I

29003 - Channel (EA) [ I

29543 - Pile Jacket Bare (EA) —— —— T W I 1 0o -0.339

30143 - Pourahkle Joint Seal (LF)
3M )3 - RiConc Approach Slak (EA)
33113 - Conc Bridge Railing (LF)

Replace 374 .03

J9613 - Other Abut Slope Pro (SF) I Rehak 2261 7 -5 -0E67
Roadway widening 45 -8 017
Bridge strengthening 133 159380 120.04

58



Scale Feasibility

Scale feasibility determines whether the amount of a particular type of need on a bridge is sufficient to affect
the choice of action. This decision is not strictly limited to individual elements, because each bridge could
have several elements with the same type of need: for example, girders, floor beams, and stringers may all
need to be painted. The scale feasibility model is applied to all actions shown as feasible in Pontis, whether or
not the Pontis network optimization finds them to be optimal. There are two feasibility thresholds:

¢ Maximum — An action sub-category is marked infeasible if the percent in condition states where it
would otherwise be feasible, is above a maximum threshold on any given condition unit. A higher-
type action, such as replacement, should be considered instead.

e Minimum — For each action sub-category, all the condition units on the bridge that can use it, are
grouped together. This is done by computing a weighted average percent in the states where the
action is otherwise feasible. Weighting is according to the sum of fixed and variable costs if all the
action is applied to the entire condition unit. The action is marked infeasible if the combined
percentage is below a minimum threshold. It would be better to wait until the quantity becomes
larger, to make the work more economical.

Thresholds are set on the Action Sub-Categories worksheet. It is recommended that these thresholds be set
loosely. Their purpose is to improve the convenience of the tool by eliminating scope items that are obviously
impractical, not to make scoping decisions on behalf of the engineer.

Here is an example application of the scale feasibility thresholds.

Check all the feazible actions to zee which ones are within the window of feazible scale.
Thiz narrows down the chaices Far the RMRRE candidate.
REZULT:E B CONDITIOMN UNIT - Classification of action sub-categories
Elem/Envt | Feasible Tao small

Tan large
fuda T 101,401 201[51.66%),301(35.55%)
215803 303,403 144,203
2203 144,203 F03[24.955%],403(T0.20%)
23083 422 222
FENG 305,403 114,203
47503 403 144,205

&naction iz boo small to be cost-eff ective if the zum of all Feazible actions in the same sub-category on the bridge doesn't reach the minimum threshold,
An action iz koo large if the sum in the same condition unit!sub-category exceeds the maximum threshald.
ZFuch an action should be upgraded to 2 higher-type action becauze of the exkent of deterioration.
The partion in condition state iz ignored in this threshald check.
The thresheld criterion iz average peroent in states where the action sub-category is feasible.
For the minimum threshold check, the average is weighked acrass condition units by the maximum cost of applying the action ta cach entire condition unit.
The Too Large column shows the ackual criterion uzed for the maximum threzhold check, in parentheses.

THRESHOLDE UZED [X)

Action sub-categary Minimum . Mlaximum Actual
101 - Replace deck 20 100 4.12
114 - Replace railing 25 100 0.03
144 - Replace substructure clement 25 50 4,65
201 - Fichab deckireplace averlay 0 30 5166
203 - Fshab concrets 15 o0 2,54
222 - Fehab channel 25 &0 21.06
301 - Repair deck and substrate 5 20 35,58
305 - Clean rebar and patch 5 20 593
403 - Patch minor spalls 5 25 491
422 - Mainkain channzl 5 50 15,34

Mote: Magimum thresholds are applied separately to cach condition unit for cach sub-category.
Mlinimum threshalds are applicd to cach sub-category as 2 whale.
Actual = The ackual criterion for thiz candidate, uzed in checking the minimum thresheld,
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Paint System Replacement

A special scale feasibility model is provided to determine whether the bridge should be scoped as total paint
system replacement. This affects what scope items are created for the Auto MR&R Candidate. The engineer
is still free to create Custom candidates that are scoped differently.

This procedure applies to all coated elements — condition units for which action sub-category 102 (paint
system replacement) is defined. Paint system replacement is specified if both of the following conditions are
met:

e Action sub-category 102 must be optimal and scale-feasible on at least one condition unit.

e The weighted average percent in state 2 or worse among all coated elements must be above the
threshold. Weighting is according to the total recoating cost of each condition unit.

The paint system replacement threshold is set on the Model Parameters worksheet.

Generally total recoating is a feasible action in state 4 of coated steel elements. If part of an element is in state
5, it usually has section loss and needs a higher-type action. Therefore the algorithm will include the action
for state 5 if it is feasible and optimal, and then specify total recoating for the rest of the condition unit if the
above conditions are met.

Here is an example of a candidate that satisfies these conditions. The girders and columns both have their
entire quantities scoped for paint system replacement.

Forecast condition Jan 1, 2003 Scope of Auto MRREI
Cost
Eletment Condition Action ity | (0007

1302 - Unp Conc DeckfAC Ol (=F) [ I
10712 - Paint St Opn Girder (LF)
20242 - Paint St Column (EA) [
21502 - RiConc Abutmernt (LF) [
20042 - Channel (EA) [
31112 - Movesble Bearing (EA) [
21302 - Fized Bearing (E&) [

[

[

[

Feplace 521.54 ] 17

Replace 14.00

EHehah F.00 B

F3202 - Timk Bridge Railing (LF)
39402 - RiConc Abut Slope Pr(=F)
47502 - RiConc Walls (LF)
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Deck Replacement

Deck replacement in Pontis is a unitary action; that is, it is always applied to the entire condition unit. This
means unit costs in dollars per sq.m. are developed using the entire deck area in the denominator. In Florida
decks are the only element handled in this way. Florida does not use winter deicing chemicals and does not
experience the same difficult deck maintenance issues common in other states. Pontis deck models optimized
with Florida feasible actions, transition probabilities, and costs, tend to let the deck deteriorate to the worst
condition state before a do-something action becomes optimal.

When transition probabilities are used for forecasting on a deck element, the predicted fraction in each
condition state is interpreted as a probability that the entire deck will be in that state. The scale feasibility
model uses these probabilities, so the minimum threshold is taken as the minimum probability that the deck
will be in the investigated condition states. In the project level analysis for a given candidate and
implementation year, the worst condition state that has a scale-feasible and optimal do-something action
determines what action will be scoped for the entire deck.

Whenever the Auto MRR&I Candidate includes a deck replacement scope item, special handling in the model
ensures that any additional deck elements, joints, barriers, and drainage systems on the bridge are also
replaced. The engineer is still free to create Custom Candidates that are scoped differently.

Here is an example of a candidate scoped with deck replacement.

Forecast condition Jan 1, 2003 Scope of Auto MRREI
Cozt Benefit

Element Condition Action Gty | CR000)  CHO00) BiAC

394 - Unp Conc Slabiac Ol (5F) 2293 71 3 0.05)

33304 - Other Bridee Railing (LF)
396 - Other Abut Slope Pro (5F)

I Replace 15046 11 10 -0.9

204154 - PrS Conc Calumn (EA] [ IT Repair 1.04 1 0 -054
21504 - RiConc Abutment (LF) I | Repair 452 1 o -0z
23404 - RiConc Cap (LF) [ 1T
29074 - Channel (EA) [ I
30114 - Pourakle Joint Seal (LF) [ I Feplace 101,71 g 13 173
L
[

An interesting aspect of this example is that, even though deck replacement by itself has positive benefits, the
combination of deck, joint, and railing replacement has negative benefits on this particular bridge.
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Quantity Prediction and Applicability

After feasibility issues are settled, typically the actual quantity of work done in a bridge project is more than
the quantity of deterioration that motivated the work. The primary reasons for this are:

e Certain types of work have significant economies of scale if performed on the entirety of an element
rather than just a part of it. Deck replacement and paint system replacement are good examples.

e Often maintenance crews in the field discover additional problems not noticed in the inspection. This
is especially true with hidden distresses such as concrete delamination.

e |tis usually cost-effective, when visiting a structure to address a relatively poor condition state, to
take advantage of the opportunity to address other deteriorated states on the same element, if this can
be done with the same equipment and crew skills.

The project level model allows each action to apply to more condition states than those for which it is
considered feasible, as long as the action is effective and not unreasonably expensive in addressing the
deficiencies of the other conditions states to which it is applied.

The applicability of actions to condition states is set in
the Element Definitions worksheet, as shown in this

Fehab ot Fepair nat

Element

example. For convenience, it is expressed as the key Element name .

condition states where each action category is not 238 Pile Jacket Erare 12 1w
applicable. The “w” indicates the worst defined =33 [Sil=ld ack et athiSre il L
condition state for the element. Notwithstanding this 300 Strip Seal Ewp Joint |1 L

table, actions are always applicable in the states where o _ :
0 Elastameric Bearing 1

they are feasible. Actions in the Maintenance category -
are applicable only in states where they are feasible. P

Fourable Joint Seal 1

Ilaveable Bearing 1

320| PS5 Conc Appr Slab 12

Calculation of quantities from this table is done before w2

the estimation of costs and condition outcomes. The

r
1
1
1
1
1
1
Enclosed Bearing 1 1 1w
1
RiConc Approach Slab 1,2 1
1
1
1
1
1

. . R .. 330| Metal Rail Uncoated 1,2 1
application of each action to each condition state may = . -

. . N onc: Bridge Railing 12 1

have a dlffer_ent unit cost and effectlveness_ vector than 332 Timb Bridge Railing |1 1

the same action applied to other states. This is consistent 233 Other Eridge Raillng |1 1

with the Pontis cost model. The means of deciding what 334 Metal Rail Coated 123 1

unit costs and effectiveness vectors to use is determined
in the preservation output model.

When an action does not address all deteriorated condition states of an element, it is possible that there could
be more than one action on different parts of the same element. This would occur most often when a part of
an element is replaced. The final scope of work of a model-generated project on a given element is
determined from the following algorithm:

For each condition state of the element (starting with the worst)
Find the feasible action with lowest Pontis long-term cost
Apply the action to all the states to which it is applicable
Calculate the action quantity as the sum of quantities in the applicable states
Then skip to the next condition state that has not already been addressed
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Preservation Output

In Auto MRR&I and Custom Candidates, it is common for the quantity of work in a particular scope item to
differ from the quantity in the condition state for which the scope item’s action is optimal according to Pontis.
In fact, in Custom candidates the quantity might not correspond exactly to any combination of condition
states, since the engineer is free to enter any quantity at all. The project level analysis tool needs a reasonable
way to match parts of a scope item with condition states, in order to use the most appropriate unit costs, action
effectiveness vectors, and benefits.

The algorithm to do this examines the predicted probabilities in each condition state, starting with the worst.
For each state, it examines the scope items (starting with the lowest action sub-category number, generally the
most expensive) to find work most appropriate for that state. When it finds a match of actions, it matches
guantities, and then deducts the matched quantity from running tallies of quantities in the condition state and
scope item. The algorithm works in five stages, performing all possible matches at each stage for all condition
states before proceeding to the next, stopping when all quantities of both condition states and scope items
have been assigned. The stages are:

1. Optimal — A match occurs if the scope item’s action subcategory agrees with the Pontis optimal
action for the condition state.

2. Feasible — A match occurs if the scope item’s action subcategory agrees with any Pontis feasible
action for the condition state.

3. Applicable — A match occurs if the scope item’s action subcategory is applicable to the condition
state. This search is done by examining other conditions states and their action lists, first in the
direction of worse states, then in the direction of better states, until all states are examined or an
action is found that matches the scope item’s action sub-category and is applicable to the investigated
condition state.

4. Non-Applicable — This is similar to the Applicable search except that the match is based only on
action sub-category, without requiring that the action be applicable to the investigated condition state.
This search occurs only toward states worse than the investigated state.

5. Ineffective — This is similar to the Non-Applicable search, except it starts at state 1.

For any match in the first four stages, the model uses the matched condition state and action to locate
appropriate unit costs, long-term costs (for the benefit calculation), and action effectiveness vectors. In the
fifth stage, only the unit costs of the matched action are used; it is assumed that the action has no benefits and
no change in condition.

If any additional quantities are in deteriorated states, they are assumed to be unaffected by the project. They

remain in the same state and deteriorate as normal in the following year. For example, consider a steel girder
element with 200 feet in state 5, and the rest in state 1. If a scope item is 100 feet of steel girder replacement
(which could happen if the engineer manually reduced the quantity), then 100 feet are returned to state 1 and
the rest remain in state 5.

If any additional unallocated quantity exists in a scope item, it has little or no effect. Its cost is included in the
project but the effectiveness might be no better than the existing condition. In the example of the previous
paragraph, if the scope item were increased to 300 feet of replacement, the project cost would reflect this but
the benefit would only reflect the 200 feet, since the rest is already in state 1.

The third and fourth sections in the above algorithm cover the situation where an element is in several
different condition states, and the engineer decides to consolidate them all into one scope item. For example, a
steel girder might have 100 feet in state 2 and 100 feet in state 3. Rehabilitation is feasible only in state 3, but
the engineer specified 200 feet of it. In this case the action effectiveness vector is applied to both states 2 and
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3. The cost fully reflects the 200 feet of work. However, the benefit is still lower than a case where all 200
feet started in state 3. This is because the do-nothing case still deteriorates 100 feet from state 2.

In the same example, if the scope item has 200 feet of repairs, and repairs are only feasible and applicable in
state 2, the result is different. The 100 feet in state 2 is repaired, but there is no state worse than state 2 where
repairs are feasible. In this case the full cost of the 200 feet of repairs is assessed, but there is no benefit from
the extra 100 feet, and the 100 feet in state 3 will go unchanged unless a separate scope item addresses it. This
is the same as what happens if the engineer modifies a scope item to have a larger quantity than what exists on
the bridge: the excess quantity has a cost but no benefit.

Here is a full example of the output prediction model, using the same candidate as in the deck replacement
example.

Ruantities of scape items are assigned to condition units and states, in order to determine the appropriate costs, benefits, and resulting conditions.
The procedure examines predicked conditions just befors the implementation year, and uses 3 5-step process to find makching scope items.

The table below summarizes the matches that are found and what step found each match.
LOG OF MATCHING PROCESS

Etep Statel Tource Eluantity WarCost FixCiost Eienefit Erate] Frake2 Fhakeld Trated Erates
Element 3304 - Unp Conc ElablAC Ovl [zq.m.]

1. Optimal 5 2101 5474 12,533 5,670 16,065 43,80 4.34 0.00 0,00 0.00
3. Applicable 4 Si2 101 155.26 36,423 16,331 -12,860 143,35 14.27 0.00 0.00 0.00
Element 20444 - P{E Conc Column [22.]

1. Optimal I FM[303) 083 303 103 100 0.06 011 055 o

3. Applicable 2] EM([303) 0.21 T3 27 k] 0.0z 0.03 014 003

Element 215/4 - RConc Abutment [m.]

1. Optimal ] I | 0.34 342 120 =] 0.52 0.30 0.30 0.0z

3. Applicable 2] FM303) 038 135 45 -215 013 012 012 0.0

Element 23444 - RiConc Cap [m.]
Element 2300 - Channel [e2.]
Element 50114 - Pourable Joint Seal [m.]

1. Optimal 3 1) 0.00 a a a 0.00 0.00 0.00
3. Applicable 2 1) 4.21 T05 317 1135 .64 057 0.00
4. Nan-applicable 1 ) 26.73 4,456 2,013 11,564 23.15 .64 0.00
Element 5350 - Qther Bridge Railing [m.]

2. Feasible 3 Fa[nd) 06T =l 41 25 0.65 0.0z 0.00
3. Applicable 2 F2d) 153.23 2415 1114 -2,630 11.73 0.44 0.00
4. Nan-applicable 1 2 [1d) 3610 4,302 2,206 -T.105 3523 0.&T 0.00

Element 536/4 - Other Abut Slope Pro [5q.m.]

Etate = Condition stake bo which 3 scope item iz applied.

Fource = ldentifies the matched action, from which unit costs, long-term costs, and action effectiveness probabilities are taken.
The Format iz statelaction [action subcategory].
The action subcategory also identifics the scope item that was matched.

Guantity=The amount of the clement that was matched.

YWarCost = Wariable [direct) cost of the waork.

FixCost = Fixed [indirect] cost of the work.

Eenefit = Pontis long-term cost of do-nothing in the matched skate, minus Pontiz long=term cost of the matched action, times the Gluantity.
Eenefitz here do not take into account project-level Fackors such as economics of scale.

Etatel = Resulting condition [quantity by state] for the matched quantity of clement 2t the end of the action year.

Here are the steps in the matching process:
1. Optimal - The action iz optimal for the state.
2. Feagible - The action iz feasible for the stake,
3. Applicable - The action iz applicable bo the stake.
4. Mon-applicable - The action iz nok applicable to the state but iz defined for 2 worse skate.
5. Ineffective - The action iz not applicable to the state but iz defined For 2 better state [there iz 2 cost but no benefit).
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Cost Estimation

Each candidate has an initial cost that is assumed to occur at the beginning of the implementation year. For
the Do Nothing candidate, the initial cost is always zero. For Auto MRR&I and Custom candidates, initial
cost is made up of two components:

o Direct costs, which are always the sum of the direct costs of the scope items in the project.

¢ Indirect costs, consisting of maintenance of traffic (MOT), mobilization, and engineering (including
design, construction engineering, and inspection).

The Replacement candidate combines direct and indirect costs into a single unit cost per square meter.

The first step of cost estimation for Auto MRR&I and Custom Candidates is a direct cost adjustment factor.
This is always zero for Auto MRR&I, but may be set to a non-zero value (in percent, positive or negative) in
Custom candidates. This gives the engineer a chance to raise or lower the direct cost to account for factors
outside the model.

Following application of the direct cost adjustment factor, the Inclirect cost by work type (% of adj. direct cost)
indirect cost factors (in percent, positive or negative) are applied ~ T¥R& ar elsment graup MOT, _ Mokilzn
separately to the adjusted direct cost to calculate indirect costs. In ~ E&intind el el
the Auto MRR&I candidate, indirect cost factors depend on the Railng 25 10

. . Joint= 25 10
types of elements present on the bridge, according to a tablg onthe .. s 10
Model Parameters worksheet. The program computes a weighted g jinmentimachinery 10 15
average indirect cost factor, using the direct costs of scope items Superstructure a0 10
as weights. For painting scope items, the cost factors for painting  Besring 15 10
are used instead of the cost factors by element type. Substructure 10 15
Preservation unit costs in FDOT’s Pontis system and in the project Ew:,f:m 22 12

level analysis tool were developed in the FDOT Pontis Agency
Cost Study. (See Sobanjo, J.0. and P.D. Thompson, Development of Agency Maintenance, Repair, and
Rehabilitation (MR&R) Cost Data for Florida’s Bridge Management System, Florida Department of
Transportation, Tallahassee, FL, 2001.) They were divided into variable and fixed (direct and indirect)
components according to the same factors found on the Model Parameters table. The scope item list on the
Dashboard worksheet reports the total direct and indirect cost of each scope item, which will always agree
with the sum of candidate direct and indirect costs in the Candidate Details pane for the Auto MRR&I
candidate.

Custom candidates allow the engineer to modify the indirect cost factors. This changes the candidate indirect
cost but does not change the scope items. In addition, the engineer may add cost items to a Custom candidate
by using Miscellaneous scope items, which have user-specified costs and benefits.

As a final adjustment, the engineer may specify cost and benefit adjustment factors in the Bridge Pane of the
Dashboard worksheet. The default values of each of these factors is 1.0. These factors affect the Initial agency
cost, Agency benefit, and User benefit reported in the right-most column of the Candidate Details Pane, but
they do not affect any other reported numbers. All candidates, including Do Nothing and Replacement, are
affected by these factors.
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Replacement

The Replacement candidate normally provides an upper bound on the cost and effectiveness of work that can
be done on a bridge. Currently the project level analysis tool does not have features to analyze traffic
requirements and their impact on the design of a replacement bridge. Therefore, the model is fairly simple. It
computes initial costs from a swell factor (a multiplier reflecting the fact that replacement bridges are usually
longer than what they replace) and a unit cost per deck area (which varies according to maximum span
length), both found on the Model Parameters worksheet. For other life cycle cost computations in the
consequence phase, it is assumed that the replacement bridge has the same elements in the same quantities as
the old bridge, starting in new condition.

Other than the swell factor, no costs or benefits are recognized because of a larger or better-constructed
bridge. However, movable bridges do receive some special handling, in terms of a minimum main span length
and minimum total length, to take into account navigational requirements and the geometrics of high-level
bridges.

Nine-year program period
Replacement scope item

Initial
agency

Decision cost
point Long
Implementation end of term
years this year cost
< T inacti iod
l en year inaction perio
N < N~ o™ ~
=) o o Nl ~
=) =) S S g
N N ~ ~ S

Replacement contains all of the major cost components.

o Failure risk, representing the possibility of element failure during the program period. This occurs in
the program years before implementation, and also occurs during the ten-year inaction period
following implementation. The sum of these two parts is called “near-term risk” on the Dashboard
worksheet.

e User cost, recognized if there are any functional needs on the bridge. Replacement is assumed always
to remedy all functional needs, so there are no excess user costs following replacement.

o Initial agency cost, the actual cost of the work to be done during the implementation year. This is
assumed to occur at the start of the year.

e Long-term cost, representing future preservation costs after the 10-year inaction period, as a function
of ending conditions.

The deterioration model and traffic growth model are the reasons why costs of the first two components
increase over time.
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The concept of “failure” is a distinctive and fundamental part of the Pontis analytical framework, so an
important goal of the FDOT research was to correctly incorporate it into the project level model. In the Pontis
network optimization, the role of the failure concept is to help develop policies that generally don’t permit
failure. At the project level, however, constrained funding, the rule of ten years of inaction following a
project, and the normal uncertainty in deterioration prediction, present the possibility that failure could occur
in isolated cases. So the model needs a valid way of quantifying the effect of failure on life cycle costs,
particularly the effect on road users and the cost of emergency repairs or replacement.

The Pontis long-term cost equation is not in itself sufficient to create a bounded model, because the cost-
minimizing solution to the equation is to choose the do-nothing action, whose cost is zero. If this policy were
to be followed, bridges would not merely gather in the worst condition state, but would, in fact, proceed to an
even worse state, denoted as the failure state. The failure state is defined as an intolerable condition even
worse than any that would normally be observed in an inspection, where the element no longer satisfies its
intended purpose. If this happens, a life cycle cost penalty is incurred to reflect the user disruption and the
cost of mandatory repairs. Because of its role in the optimization model, the failure cost has three
requirements:

1. It must prevent the optimization from recommending a do-nothing action in the worst defined
condition state, so failure cannot occur;

2. It should reflect the relative importance of each element to the continuing functionality of the bridge,
or the relative level of damage that would be caused if the element were to fail.

3. It should reflect the impact of element failure on the road users.

A research task on failure costs was completed in 2002, to calculate the minimum failure cost (assumed to be
an agency cost) required to satisfy requirement #1 above, and the maximum agency and user failure costs to
satisfy requirements #2 and #3. The maximum cost was estimated from “failure scenarios,” descriptions of the
economic impact of an element failure if it were to occur. Here is an example of failure scenarios for a few
selected elements.

Mumkb er
of

y ark name 35 2g.m] g2 & | [hrz] <] Failure Ecenario [days] [p<t] ©
235 Pile Jacket Bare G545 16130 24581 M1=0 1053 150 0654 500.00| Piles go to severe environmenk 100 500 1]
233 Pile Jacket!Cath Pro 64 1566 5535 15667 1753 61 0232 1000.00 | Piles go to severe environmenk 100 1024 ]
300 Etrip Zeal Exp Joint 455 22613 3343 16E56 1566 6.7 0101 40025 | All elements Qo ko sevdre cnviranment 100 435 3634
301 Pourable Joint Seal 5556 GE0&13 1286 1543 1623 152 0276 242,73 All clements go ko severs cnvironment 100 Ja0 a411
302 Comprezsn Jaink Zeal 2567 211146 2607 24204 2103 T.T 0132 435 71| All elements go ko zewers enviranment 100 555 55
303 Aszembly JointiEeal 32 1236 5533 25046 2554 TAa 0110 137502 | All clements go bo severe environment 100 1501 3503
304 Open Expansion Joint 400 55347 5314 1m0 1315 144 0235 3ar.42| All clements go ko severe environment 100 1047 4035
310 Elastomeric Bearing 4523 550227 2632 22305 2451 G2 0147 330,00 | Replace entire element; all trucks detoured 1 100 as0 136

31| Moveable Bearing 1240 53438 3401 21544 23562 1z 0186 A00.00 | Replace entire element; all trucks detoured 1 100 a00 330
312 Enclosed Bearing 3 52 5353 25555 3228 26 0063 FT00.00 | Replace entire element; all trucks detoured 1 100 FT00 1327
313 Fixed Bearing 1oz F8722 2650 21575 2407 nt LIRE]] 15340.00| Replace enkire dlement; all trucks detoured 1 100 1340 563
314 Pot Bearing 136 2335 TE23 2032 1715 B0 0073 1200.00 | Replace entire clement; all trucks detoured 1 100 1500 293
315 Disk Bearing 1 1] 1553 4260 213 10 0014 F00.00 | Replace entire element; all trucks detoured 1 100 300 1]
320 P2 Cone Appr Zhb 5 =] 1373 303 505 34 0055 13000.00 | Replace entire element; all trucks detoured T 00| 13000 6340
321 RiConc Approach Elab T545 15380 1817 1Tadd 1554 10.6 0215 13000.00 | Replace entire element; all trucks detoured T 100 13000 55255
3300 Metal Rail Uncoated 222 25968 1567 3333 BE3 135 0283 42325 | Increase in accident severity uzer cost 30 100 423 54
331 Conc Eridge Railing ET40 2E+06 2177 152638 1376 1n3 0.231 1640.50 | Increaze in accident severity user cost 30 100 1641 43
332 | Timb Bridge Railing 203 510 143 SEd4 43 FEE 0 0Ear 103.31| Increasze in accident severiby user cost 30 100 10 13
333 Other Bridge Railing 2621 351205 1475 15754 1352 2.0 0225 136,56 | Increase in accident severity user cost 30 100 13t ™
3354 | Metal Rail Coated 363 T4450 1075 300 570 153 0254 423525 | Increase in accident severity user cost 30 100 423 =]

An earlier study used an expert judgment elicitation process to calculate failure probabilities. See Sobanjo,
J.0. and P.D. Thompson, Development of Agency Maintenance, Repair, and Rehabilitation (MR&R) Cost
Data for Florida’s Bridge Management System, Florida Department of Transportation, Tallahassee, FL, 2001.

In the project level model, failure enters the analysis in the calculation of failure risk cost.

67



Failure Risk

In the project level life cycle cost analysis, failure is a part of the probabilistic outcome prediction for any
candidate. The model assumes that failure, though improbable under normal conditions, can happen on
specific bridges. It is not necessary to predict which elements on which bridges will fail; it is only necessary
to recognize the possibility of failure and include the expected value of the life cycle cost impact in the
analysis for every bridge. If a program is well-funded and conditions remain relatively good, the failure cost
should be small and insignificant. On the other hand, if a program is poorly funded or deterioration proceeds
more rapidly than normal, failure becomes more likely.

When failure occurs on an element with some non-zero probability, the model adds a failure risk penalty to
the life cycle cost. This penalty is calculated as follows:

Failure risk cost = WorstProb x FailProb x FailCost x Quantity

Where WorstProb is the probability of the worst defined condition state,
calculated using the deterioration model;
FailProb s the failure probability, developed in the Florida expert elicitation process;
FailCost s the unit failure cost, developed for Florida in a separate analysis;
Quantity s the total element quantity, summed over all states in the most recent inspection.

This cost is incurred with the transition into the failed state, so it happens only once for any portion of an
element. After the transition occurs, the failed portion of the element is labeled “passé.” This part of the
element still behaves as though it is in the worst defined condition state, but it cannot incur a further failure
penalty.

During the justification phase of the life cycle cost analysis, failure risk cost occurs at the end of each year,
based on the quantity predicted to be in the worst condition state at the end of the preceding year (i.e.
allowing one additional year to make the transition to the failed state). Each of these costs is then discounted
to present value. There is no failure risk cost prior to the start of the program. In addition, a similar calculation
is conducted during the consequence phase, in the ten-year do-nothing interval after candidate
implementation.

The Do Nothing candidate has failure risk costs for every year of the program, since work is assumed to occur
only after the program horizon. Here is an example of the analysis for the Do Nothing case.

ELEMENT 238 - Pile Jacket Bare [Environment 3F)
Fuankity 28500 2.
FailCost $462.00/ca,; FailProb: 13.55%

DO-MOTHIMG DETERIORATION REZULTE BY YE&AR

“F'ear | Environment Etake] Etakedy Eraked Stateg FailRizk Passe

Inzp 2001 3 0.0 ET.56 214 0.0 a a
Maw 2002 3 .00 g2.01 3415 35 a a
Baze 2002 3 0.0 g2.01 3415 3.5 a a
20035 4 .00 5617 3560 F.23 T3 1
2004 4 0.0 S0LET 36.23 12864 &5 1
2005 4 .00 46.07 3633 17.53 &3 2
2006 4 0.0 4173 3603 22.24 k1 3
2007 4 .00 3173 3530 26.30 Bl 3
2005 4 0.0 3423 3430 3147 an 4
2003 4 .00 F1.00 33.03 3591 &5 5
2010 4 0.0 28.08 W 40.13 13 5

201 4 0.00 2543 3027 4450 3 -]

Canditians are shawn at the end of the indicated year. Zo the base conditian iz just befare the first program gear.

The environment may change over kime due to changes in a protective clement.

FailRizk = Failure risk cozt, if Failure iz allowed. We azzume there iz no excess Failure risk in the years before we have 2 chance b take an action.
Pasze = Percent that has already Failed. This iz kepk in the worst state but cannok incur any further Failure costs.
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Each Candidate has a life cycle activity profile consisting of near-term and long-term costs. Near-term costs
entail all costs within the program period incurred up to, and including, the year of implementation. These are
the costs directly associated with decisions the engineer must make.

On each bridge, it is desired that the engineer be required to plan only the first programmed activity. Beyond
this, further work is very far in the future and is subject to much uncertainty. Therefore, this subsequent work
is treated as a predicted outcome, rather than as a decision variable. The essential piece of information we
need about the future work is its contribution to life cycle cost. This long-term cost is expressed in two
components:

o Residual failure risk. Following the implementation year of a Candidate, we assume no more work is
done for 10 years. Because of uninterrupted deterioration, there is a small but increasing risk of
element failure. The expected value of failure cost is the residual failure risk.

o Residual cost. Exactly 10 years following implementation of a candidate, we recognize a residual
long-term cost, which is the present value of all future work as predicted by Pontis, using the Pontis
optimal preservation policy.

Both of these components are discounted to present value. Auto MRR&I, Auto Replace, and Custom
Candidates all have both components. The Do Nothing Candidate has only residual cost, recognized
immediately following the end of the program period.

Both long term costs are computed at the element level, based on conditions at the end of the implementation
year, forecast further by the do-nothing deterioration model. They act as a penalty for leaving the element in

less than perfect condition. The deterioration refinements are not used in this calculation because of the level
of uncertainty so far in the future.

Failure risk is calculated in the same way as in the justification phase failure risk model, starting the year after
the implementation year of the candidate. Discounting assumes that the failure cost occurs at the end of each
year.

Here is an example of long-term costs, all in dollars per meter, for element 234 (reinforced concrete pier caps)
in a moderate environment. The condition states are those at the end of the implementation year, so the costs
reflect 10 years of subsequent deterioration and discounting.

Rezidual Rezidual
Skake P cozt Failure rizk
1 - Mo deteriaration 53.85 1.33
2 - Minor cracksizpallz Fam 3487
3 - Delamsizpallz TOE.94 304,54
4 - Analysiz warranted 1,007.33 1,033,854

For comparison, the replacement unit cost of this element is $1,509/m. and the failure unit cost is $11,846/m.
This example is typical, in that there is a strong life cycle cost penalty for leaving an element in bad condition
after an action.
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Pontis Optimization and Residual Cost

In Pontis, long-term cost is an estimate of life cycle cost over an infinite time horizon, calculated separately
for each present condition state, assuming that a given policy is followed. It is calculated as follows:

Long-term cost Lo =Ci + @) Pyl
J
where: C,, is the unit cost of action a (fixed + variable) when the element is in state i
a is a discount rate for costs incurred one year in the future
Pii is the transition probability of an element to be in state j in one year given state i and action
a this year (Pontis deterioration model)
a()) is the optimal action for state j (the action giving the lowest long-term cost)
L is the long-term cost which would be calculated next year if state j occurs and the optimal

jaci)
action for that state is selected (calculated recursively by the same equation)

The long-term cost equation is recursive, because it depends on a term which itself is calculated according to

the same equation. It is not circular, however, because the long-term cost term on the right-hand side is for

one year later than the left-hand side. When fully expanded, the equation is potentially an infinite series,

because the time horizon of the analysis is not strictly limited. However, because of discounting, the

contribution of each subsequent term is less than the previous one, approaching zero.

Pontis simplifies the problem by assuming that in the long-term, the equation reaches a steady-state, where
the conditions and actions remain in the same proportions from one year to the next. The probability of any
given state in year t is equal to the probability of the same state in year t+1. In other words, for each meter of
girder moving out of a particular condition state, another meter moves in to replace it.

The project-level analysis tool assumes that, ten years after the implementation year of a candidate, the Pontis
optimal policy starts to be followed, incurring the long-term cost as calculated above. Long-term costs
increase with condition state, as shown in the long-term cost example. A full example of Pontis optimization
inputs and outputs is shown below. If the candidate and its subsequent 10 years of deterioration leave a large
fraction of an element in the worst state, then it is likely that further major work will be needed in the near
future, and long-term costs will therefore be high.

ELEMENT 234 - RICosc Cap [(Enviroamest 3]

FailCost $11646.00/m.; FailProb: 3.24%
INPUT 2 BY CONDITION STATE AND ACTION

From&tate Ackion Sub-categary ToProbl|  ToProb2  ToProb3  ToFrobd WarCost FixCost LTCast
1 >0 DN 000-0o nothing 35,00 200 0.00 0.00 0.00 0.00 a0.03

1 Misc 405-Fatch minar spalls 3&.00 2.00 0.00 0.00 &5.07 2377 204.33

2 >0 DN 000-0o nothing 0.00 646 .54 0.00 0.00 0.00 2T

1 Zeal&Patch | 4103-Patch minar spalls 46.55 51.53 186 0.00 102.37 F5.28 Jha.22

3 >0 DN 000-0o nothing 0.00 0.00 34.55 5.45 0.00 0.00 &13.62

1 Cln&Patch | 303-Clean rebar and pateh F3.20 5144 §.35 0.41 456,07 17013 325.05

4 a| oM 000-0o nothing 0.00 0.00 0.00 30,76 0.00 0.00 241554

1 Rehab 203-Rehab concrete 61.25 342 133 0.00 121513 425,31 1,613.51

»r 2 Replace 141-Replace beam 35.00 2.00 0.00 0.00 111797 F31.23 1,533,355

Actions denoted by Fr are optimal (lowest long-term cost] for the condition state.

The 'ProbM' calumns are transition probabilities after the indicated action is kaken, ta cach possible resulting state.
WarCost iz the variable [direct] unit cost of the action.

FixCost is the fixed [indirect] unit cost of the action.

LT Cost is the long-term cost from the Paontis nebwork optimization.

In effect, the model relies on Pontis to perform the life cycle cost analysis for all subsequent work. This work
is normally updated in Pontis whenever the deterioration and cost models are modified, so the Excel program
merely reads the result from actmodls.ltcost in the Pontis database.
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Each bridge is examined for deficiencies that could affect the level of service provided to road users. When
such deficiencies are found, the economic consequences, in terms of user costs, are estimated and added to the
life cycle cost of the structure. Functional improvements may be undertaken to eliminate these user costs.
Four types of functional needs are modeled:

o Deficient roadway width, which works together with deficient approach alignment to create excess
accident risk, relative to a bridge constructed according to design standards. A width deficiency is
recognized if the bridge roadway width is less than the required width. Required and design widths
are calculated from:

Required width = 2 x Design shoulder width + Number of lanes x Design lane width
Design width = 2 x Design shoulder width + Number of lanes x Design lane width

Bridges under a given length threshold have required and design widths based on the approach road
width.

e Impaired vertical clearance, forcing certain trucks to find an alternate and presumably longer route. A
deficiency is identified by comparing roadway vertical clearance with level-of-service standards.

¢ Inadequate load capacity, forcing certain trucks to find an alternate and presumably longer route. A
deficiency is identified by comparing bridge operating rating with level-of-service standards.

o Moveable bridge openings, causing delays to highway traffic.

Level-of-service and design standards are determined from information given on the Model Parameters
worksheet. A bridge may have any or all of the types of needs. Whenever a functional need is found, a flag
appears in the Appraisal Flags portion of the Bridge Pane of the Dashboard worksheet, and a new scope item
is created in the Scope Pane for the Auto MRR&I Candidate. Functional improvement scope items may also
appear in custom Candidates.

A functional need is relieved by performing a functional improvement or replacement. The possible actions
are:

e Widening — Relieves the width deficiency on the roadway on the bridge.
o Raising — Relieves the vertical clearance deficiency on all roadways under the bridge.
e Strengthening — Relieves the operating rating deficiency on the roadway on the bridge.

¢ Replacement — Relieves width deficiencies on and under the bridge, approach alignment deficiency,
vertical clearance deficiency on and under the bridge, operating rating deficiency, and moveable
bridge opening delays.

The initial agency costs of these actions are calculated from a unit cost per square meter of deck, as
established on the Model Parameters worksheet.

Functional improvements reduce or eliminate excess user costs. The “excess” amount of user costs is
determined by comparing the existing bridge with a replacement bridge constructed according to the design
standards. Since replacement addresses more deficiencies than any of the other functional improvements (e.g.
width deficiencies under the bridge), it is possible for a bridge to continue to have functional deficiencies and
user costs even after functional improvements have been performed.

The Do Nothing Candidate allows no actions, including functional improvements, to occur during the
program period. Its life cycle cost model assumes that either the excess user costs continue at a constant level
forever after the end of the program period, or the structure is replaced just after the end of the period,
whichever gives a lower life cycle cost. This is done to provide a consistent basis for comparing projects.
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User Costs and Traffic Growth

When a functional deficiency is found to exist on a bridge, the effect on road users is represented as a user
cost. This user cost is calculated for each year of the deficiency, discounted to present value, and added to life
cycle cost. Functional improvements may eliminate certain user costs, so that they do not occur in any
following years.

User costs are proportional to traffic volume, so they change each year because of traffic growth. In most
cases, the model interpolates the traffic volume for any given year based on a constant growth rate between
the most recent ADT and the future ADT provided in the roadway table of Pontis. The complete formula is as

follows:
Y Yo
an 7Yr 0

\
Forecast average daily traffic V,, =V, % (i
ro

Where: V,, is the most recent actual traffic volume estimate (NBI item 29, adttotal in the roadway table)
Y,, isthe year of most recent traffic volume estimate (NBI item 30, adtyear in the roadway table)

is the forecast future traffic volume (NBI item 114, adtfuture in the roadway table)

is the year of forecast traffic volume (NBI item 115, adtfutyear in the roadway table)

Y is the current year of the program simulation

If the most recent ADT is missing or zero, the effect is to turn off the entire user cost model. If any other
variables needed for the traffic growth calculation are missing, the model uses the most recent ADT directly.

To provide a uniform basis for comparing candidates, the model adheres to the following conventions:

e User costs are discounted to present value (the end of the year when the model is calculated) under
the assumption that they occur at the end of the year they are incurred.

o No user costs are recognized prior to the first year of the program (the base year).

¢ In the remaining years prior to the implementation year of a candidate, user costs are calculated based
on existing functional deficiencies in the inventory. Level-of-service standards in this model are not
dependent on traffic volume, so functional needs do not change from year to year if no action is
taken.

o No user costs are recognized during the implementation year of the candidate. In the future, a work
zone user cost will handle this case.

e After the implementation year, up to the last year of the program, user costs are based on any
uncorrected functional deficiencies. Certain deficiencies (e.g. roadway width under a bridge) can be
corrected only by replacement. Also, custom candidates can exclude needed improvements.

e After the end of the program period, the model assumes that either the remaining excess user costs
continue at a constant level (without traffic growth) forever, or the structure is immediately replaced,
whichever gives a lower life cycle cost.

The following types of user costs are recognized in the models: excess accident risk due to narrow bridge
roadways; excess truck detours due to impaired vertical clearance; excess truck detours due to insufficient
operating rating; and delays due to the opening of moveable bridges. In each case, the “excess” is computed
by comparing the existing bridge with a bridge improved or replaced according to design standards.

A description of the detailed user cost computations on a bridge can be found on the Details worksheet (see
example.)
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Accident Risk

Accident risk costs occur if the bridge roadway width is deficient according to the level-of-service standards.
The model for this cost was developed in Florida in 1998, based on a statewide bridge database and a
statewide crash database. (See Thompson, P.D. and F.T. Najafi, Florida DOT Pontis User Cost Study, Florida
Department of Transportation, Tallahassee, FL, 1999) Accident costs are calculated by:

Weight% x 365 x AADT x AccCost x (CurrRisk — ImprRisk)

Where: Weight% is the user cost weight given on the Model Parameters worksheet;
AADT is annual average daily traffic for the year analyzed;
AccCost is the unit cost per accident, on the Model Parameters worksheet;
CurrRisk is the current accident risk as described below;
ImprRisk is the improved accident risk as described below.

The Accident unit cost was derived from the results of a literature review conducted for Florida DOT in 1998.
It is typical in public policy analysis for regulatory and investment purposes to use the “willingness-to-pay”
approach, which includes the tangible costs of an accident such as medical care, property damage, insurance
and legal expenses, employer costs, lost productivity, and travel delay; plus the intangible costs of pain &
suffering, loss of enjoyment of life, inconvenience, and the premium associated with risk aversion. This
methodology is well established in the safety literature.

Current and improved accident risk are calculated from a statistical regression model developed in Florida,
based on bridge characteristics. Accident risk is calculated as:

(Coefl + Coef2 x Lanes x Length + Coef3 x Narrowness x AADT) + 1000 + AADT

Where: Coefl is 886 for urban arterials and -377 (negative) for all other roads;
Coef2 is 0.7323;
Coef3 is determined from the table below;
Lanes is the number of lanes on the roadway (NBI 28, roadway.lanes);
Length is the length of the bridge (meters, NBI 49, bridge.length);
Narrowness is Lanes + Traveled way width (meters, NBI 51, roadway.roadwidth);
AADT is annual average daily traffic for the year analyzed.

Determination of Coef3

Coef3 Good approach alignment (>6) | Bad approach alignment (<=6)
Good deck condition (>6) 0.3904 0.5031
Bad deck condition (<=6) 0.4531 0.7899

Deck condition here is NBI item 58, bridge.dkrating. Approach alignment is NBI item 72, inspevnt.appralign.
Functional class (NBI 26, roadway.funcclass) is used in the determination of Coefl: values 14 and 16 are
urban arterials.
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Vertical Clearance

Truck detour costs occur if the roadway vertical clearance (NBI 10, roadway.vclrinv) is deficient according to
the level-of-service standards. Trucks too high to pass under the bridge are forced to detour, presumably on a

longer route. The user cost of this is calculated by:
Weight% x 365 x AADT x DetCost x Truck% x (CurrDet% — ImprDet%)

Where: Weight%
AADT
DetCost
Truck%
CurrDet%

ImprDet%

is the user cost weight given on the Model Parameters worksheet;
is annual average daily traffic for the year analyzed,;

is the detour cost per truck;

is the fraction of trucks in the AADT (NBI 109);

is the percent of trucks detoured by the current bridge;

is the percent of trucks detoured by the improved bridge.

To determine the percent of trucks detoured by any given vertical clearance restriction (CurrDet% and
ImprDet%), a truck height histogram was developed. This was the product of FDOT research using laser
measuring equipment. The histogram is a piecewise curvilinear relationship defined as follows:

Vertical Clearance

Percent of trucks detoured

(VClr, feet)

Interstates

<9.65 100

<13 855.91 - 223.43 * VCIr + 22.199 * VClIr ~ 2 - 0.74236 * VCIr *3
<14 1.0956E+56 * VCIr ™ (-48.683)

<=16.1 14.567 - 0.9046 * VCIr

Higher 0

Non-interstates

<73 100

<135

-26.275 + 34.692 * VCIr - 2.3894 * VCIr ~ 2

<=14

138.86 - 9.886 * VVCIr

Higher

0
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Load Capacity

Truck detour costs occur if the bridge operating rating (NBI 64, bridge.orload) is deficient according to the
level-of-service standards. Trucks too heavy to pass under the bridge are forced to detour, presumably on a

longer route. The user cost of this is calculated by:

Where: Weight%
AADT
DetCost
Truck%
CurrDet%

Weight% x 365 x AADT x DetCost x Truck% x CurrDet%

is the user cost weight given on the Model Parameters worksheet;
is annual average daily traffic for the year analyzed,;

is the detour cost per truck;

is the fraction of trucks in the AADT (NBI 109);

is the percent of trucks detoured by the current bridge.

To determine the percent of trucks detoured by any given operating rating restriction, a truck weight
histogram was developed for CurrDet%, using data from Florida weigh-in-motion stations. The histogram is a
piecewise curvilinear relationship defined as follows:

Operating Rating
(OpRating, pounds)

Percent of trucks detoured

Interstates

< 10000 100

< 80000 102.24 - 0.00008982 * OpRating - 0.000000014336 * OpRating " 2

<=91100 18.976 - 0.0002083 * OpRating

Higher 0

Non-interstates

< 3700 100

< 85000 107.26 - 0.0019743 * OpRating + 0.0000000065265 * OpRating ~ 2 + 2.2256E-14

* OpRating ~ 3

Higher

0
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Moveable Bridge Openings

The Movable Bridge worksheet is a special extension of the Dashboard providing an analysis of the user costs
of traffic delays due to movable bridge openings. It is used for bridges having NBI item 43b (main span
design type) equal to 15, 16, or 17. It is not accessible for any other types of bridges. You provide the average
daily number of bridge openings, and vessel traffic information. The worksheet then calculates the delay to
highway traffic and the user cost resulting from this delay.

This model comes from a study of moveable bridge operations documented separately. Based on the typical
number of openings each day for a given bridge, and the number of vessels passing through each opening, the
duration of roadway blockage is computed. A queuing model is then used to compute the total delay of
vehicles as they line up at the bridge and as the queue finally clears when traffic flow resumes. The model
takes into account the forecast growth of both vehicular and vessel traffic. Here is the worksheet used for
these computations:

Movable Bridge 070033

Structure name: LABELLE DRAWY
Main design type (431 Steel: Movable-Bazcule
Mavigation verical clearance (391 7.000 meters

Defaults Year: 2005 2006 2007 2008 2008 2010 2011 2012 213 2014
Average daily bridge openings: 40 1]
Average daily vessel traffic (ADVTY 75 o ADYT: 79 80 &0 a1 82 83 84 85 85 i1
Year of ADWT: | 2000 2000 Ay vessels per opening: 1.97 1.99 2.1 203 205 207 209 21 213 216
Annuzl growth rate of ADWT: 1[% 1 Duration of roadway blockage: 2.80 2.83 285 288 29 294 2497 3.00 3.03 3.06 minutes
Average service time per vessel 1.42 | minutes 1.42
Average daily traffic on bridge: 16470 16888 17316 17755 18206 18667 19141 19626 20124 20835
Average daily traffic today (ADTY 16063 Wehicular arrival rate: 1716 17.59 1504 1850 1596 1945 1954 2044 2096 21.49 vehicles per minute
Annual growth rate of ADT: 254 Delay per opening: 92 97 103 109 115 12 128 136 144 152 minutes
Mumber of lanes (28] 2
Saturation flow rate: veh.l'hr.l'lane 1900 Delay per day: 55 58 B2 E5 B9 73 e g2 86 9 hours
Saturation flov rate: B3 wehimin Annual uzer cost $O00: 534 563 595 E29 BES 703 a4 787 833 883

The white cells in this worksheet are data to be provided by the engineer, with default values given to their
right. All the computations are implemented as worksheet formulas. The table on the right shows the results
for each year of the program horizon.

The Annual user cost resulting from these computations is used in all relevant life cycle costing results
reported on the Dashboard. The model assumes vehicle delay due to bridge openings is not affected by any
functional improvement other than replacement. Replacement bridges are assumed to be high-level fixed
spans with no delay to highway traffic. The annual cost of bridge tending (entered on the Parameters
worksheet) is added to the annual user cost in the life cycle cost analysis, since it contributes to the benefits of
bridge replacement.

Each Excel workbook has one Moveable Bridge worksheet and stores moveable bridge data for just one
bridge, the "home bridge" for the file. The PLAT toolbar indicates which bridge is the home bridge for the
current file. If you navigate to a different movable bridge and click the Movable button on the Dashboard, you
will be asked whether to discard the old home bridge and start a new one. Therefore, if you want to preserve
data on several movable bridges, store each one in a separate Excel file.
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Truck detour cost

Each time a truck is detoured, it experiences vehicle operating costs associated with the added detour
distance, and travel time costs associated with the added detour time. This cost is incurred for vertical
clearance and load capacity deficiencies.

Detour cost per truck DetCost = VOC x BypLen + TT x BypLen/BypSpd

Where: VOC is the unit vehicle operating cost per km of detour (Model Parameters worksheet)
BypLen is the detour distance (km, NBI 19, roadway.bypasslen)
TT is the unit travel time cost per hour of detour (Model Parameters worksheet)

BypSpd s the speed on the detour route (kph, not in the NBI, roadway.det_speed)

FDOT collects detour speed information, but since this is not an NBI data item it may be missing in certain
cases. When missing, the model estimates the detour speed by factoring the roadway speed (Pontis roadway
table), using the bypass speed factor on the Model Parameters worksheet. Since roadway speed also is not an
NBI item, the model has a set of default speed values by functional class on the Model Parameters worksheet.

Economic parameters VOC and TT were developed in a literature review in Florida. See Thompson, P.D. and
F.T. Najafi, Florida DOT Pontis User Cost Study, Florida Department of Transportation, Tallahassee, FL,
1999.
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Example Computation

WIDENING of roadway om the stracture
INPUT DAT A [all lengths in meters)

On_under:
Length:
Lanes:

On
41.600
2

Dizckwidth: 10,000
FoadWwidth: §.500
Appriwidth: 3500

FuncClazs:
ADT [now]:
Growth®

T
6,455
2423

Appralign:
DkRating:

This iz a shart bridge [<=60m.]

Required width: ReqiWidth = ApproachFrac®ARoad'width = 0.3 * 3,600 = §.520 m.

Diesign width: Mew'width = ApproachFracARoad'width = 0.3 * 3,600 = &.5620 m.

=== Roadwidth{Reqwidth and RoadWidth<Newwidth so roadway seeds widening.

ACCIDENT COET PARAMETERSE based on the FOOT accident risk madel

Mame Cocfficient| Description
Coef =3TT.3T01) Constant [bazed on urban arterial functional clasz)
Cocf2 0.7323 | Cocfficient for Lanes ® Length
Cofd 0.3403 | Cocfficient for ADT * Lanes f RoadWidth [based on Appralign and DERating)
AccCost 34,231 | User cost per accident
wheight 1.0000 | User cost weight

Sccident risk = [Coefl + Coef2*Lanes"Length + Coef 3*A0T "Lanes/Foadwidth] ¢ 1000

Excess cost = [Unimproved minuz improved accident rizk] ® AccCost ® wWeight [but not less than 2era]
Fince A0T varies by year due to traffic growth, so does accident cost.

ExCE2Z ACCIDENT COET EY YEAR

T ear AOT OldRizk MewRisk | ExcessCost
20073 E,6T4 0.213 0.200 1,831
2004 6,570 0.235 0.215 1,555
2005 T.0M 0.251 0.230 1,940
2006 1,275 0.267 0.246 1,337
2007 7431 0,254 0263 2,056
2005 T 0,302 0.250 2116
2003 1,937 0,320 0.237 2176
2010 §,163 0,333 0.515 2242
2011 G408 0355 0334 2,307

Long-term patential user cost [perpetuity with no growth) is 143,558 discounted to $26,247.

Thiz iz not yek capped at replacement cost,
‘Widening will 2dd 75.712 sq.m of deck area and cost 145,456 [$640/5q.m).

RAIZING to improre vertical clearance for roadways under the structare

There are no roadways under the structure.

ETRENGTHENING to improve operating rating for the roadway on the stractare

INPLT DAT A [all lengths in meters, operating rating in metric tons)

On_under:
Length:
Deckwidth:

On
41.600
10,000

OpRating: Fa.20
Bypass-km: 16.000
Eypass-kph: &

FuncClazs:
ADT [now]:
Growth®

T
6,455
2423

Truck
Fpeed-kph:

20

Lewel of service standard: 33 metric tons for this Functional class.

DOpRating<Ztandard, so operating rating seeds to be strengthened.

Wehicle aperating cost per detoured truck is bypass length ® cost per km = 16.000°0027 = $4.32

Travel time cost per detoured truck iz bypass length ! bypass speed ® cost per br = 16.000051°26.45 = $5.23

Excess cost = Annual trucks detoured ® cost per truck ® user cost weight.

Uzer cost weight iz 100.00%.
The number of detours is calculated by ADT Truck% 365 Fercent detoured.
Zince AOT varics by year due to traffic growth, so does the number of trucks detoured.

From the truck weight hiztogram, 11.246% of trucks are detoured.
EXCEZE DETOUR CO:T BY YEAR

Tear ADT Detours| WehOpery TravTimes
20073 E,6T4 54,734 256, TOE 454, 535
2004 6,570 56,335 243,641 467,641
2005 T.0M S, 050 250,776 451,537
2006 1,275 53,750 255,120 435,454
2007 7431 £1,500 265,650 503,944
2005 T 635,301 273,461 524,575
2003 1,937 EE5,155 251,470 540,250
2010 §,163 67,063 253,13 556,073
2011 G408 £3,027 238,135 ET2,555

Long-term potential user cost [perpetuity with no growth) is $16,540,575 discounted to $3,305,453.

Thiz iz not yek capped at replacement cost,
Etrengthening will cost $1535,120 (416000 sq.m ak $320].

78



Performance Measures

Some of the most important outputs from the project level analysis tool are performance measures. These are
used on the Dashboard worksheet to compare candidates with each other, and to evaluate project timing. On
the Screening worksheet, they are used to prioritize bridges for planning attention.

Outside the system, performance measures can be used in network-level analysis in procedures to maximize
the effectiveness of the bridge program subject to funding constraints. They can also be used in more general
asset management, to compare bridge investments with other uses of Department funds.

The following table lists the performance measures used in the project level analysis tool, and tells how they
are used. Follow the links for more information about how the measures are computed.

Measure Dashboard  Dashboard Screening | Derivation
Forecasting Timing

Element condition Yes See Deterioration Model

Health index Yes Yes See Health Index

Cost of needs Yes See Needs

Benefit of needs Yes See Needs

Benefit/cost of needs Yes See Needs

User cost Yes See User Costs

Accident risk Yes See Accident Risk

Life cycle cost Yes Agency, user, or total. See Life Cycle Cost Framework

Action category Yes Yes See Action Sub-Categories

Candidate initial cost Yes Yes See Cost Estimation

Candidate benefit Yes Yes Agency, user, or total. See Benefit

Candidate benefit/cost Yes Yes Agency, user, or total. See Benefit

Urgency Yes See Urgency

Sufficiency rating Yes See FHWA, Recording and Coding Guide for the Structural
Inventory and Appraisal of the Nation’s Bridges, 1994.

Replacement rank Yes See Wang, David Y.C., Bridge Replacement Ranking Formula,
FDOT memorandum dated June 4, 1991.

Avg NBI condition Yes See Average NBI Condition

Dashboard Forecasting Can be forecast and graphed over the program period on the Dashboard worksheet, for any Candidate Year

Dashboard Timing Can be analyzed and graphed as a function of Candidate timing

Screening Can be sorted in the Screening worksheet
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The Health Index was proposed by the California Department of Transportation as a type of weighted average
condition measure for a bridge or any subset of an inventory. It includes all condition states, weighting each
element by its failure cost. This gives emphasis to elements that have the biggest economic impact on bridge
functionality. Although Pontis allows projects to be prioritized by Health Index in its program simulation, this
is not recommended. Prioritization by health index gives the same results as “worst-first” prioritization, which
understates the importance of preventive maintenance on the better condition states. As a measure of current
inventory condition, however, the Health Index is a consistent way to reduce the voluminous data in an
element inspection into a simpler quantity that can be compared across bridges and over time. The Health
Index is computed as follows:

z Cef Ze Qei (1 o Nlil
z Cef Ze Qei

Health Index HI =x100

where C, is the failure cost for element e
Q,; is the quantity of element e in condition state i
N, is the number of condition states in element e

e

This index can be computed for an individual element, for a group of elements, a whole bridge, or any group
of bridges. The Dashboard worksheet shows current health index for element groups and for the bridge as a
whole. It plots historical health index values for past element inspections, and forecasts future health index
values for any implementation year of any candidate. Current health index is also available in the Screening
worksheet for sorting of bridges.
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Needs are actions that would be most cost-effective to perform right away on a bridge, if funding and project
readiness are not considered. In the project level analysis tool, Needs are used as an economic condition
measure. As the condition of an element declines, its needs grow. Since this quantity is expressed in dollars,
the Needs on a bridge can be computed as an unweighted sum over its elements.

To determine needs on an element, the system uses the Pontis optimal action for each condition state. The unit
cost of this action is multiplied by the quantity in the condition state, then the result is summed over all
condition states.

The Pontis optimal action is always the action that gives the lowest long-term cost. If there is a do-something
action that gives a lower long-term cost than the Do Nothing action, then the unit cost of Needs will be
greater than zero. The benefit of this work is computed as the Pontis long-term cost of Do Nothing, minus the
Pontis long-term cost of the do-something action.

Therefore, any non-zero preservation needs will have a cost, benefit, and a benefit/cost ratio. All of these are
used as performance measures on the Dashboard worksheet. For current conditions, Needs are reported for the
bridge as a whole and for element groups. The Dashboard also forecasts future needs for any implementation
year of any candidate.
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In the project level analysis tool, the term “benefit” is always used to denote a savings in life cycle costs of
doing something, relative to doing nothing. Therefore it is always an economic quantity.

For candidate projects, agency benefit is the total agency life cycle cost of the Do Nothing candidate, minus
the agency life cycle cost of the candidate in question. Similarly, user benefit is the total user cost of the Do
Nothing candidate, minus the user cost of the candidate in question. In most cases the Dashboard and
Screening worksheets report these benefits separately, as well as added together as total benefit.

A benefit/cost ratio is also computed. Keep in mind that benefits in the numerator of this ratio are computed
from life cycle costs, where all costs are discounted according to how far in the future they occur. Costs in the
denominator of the benefit/cost ratio are not discounted.

The Dashboard worksheet uses benefits and benefit/cost ratios to compare candidates with each other, and to
evaluate changes in the implementation year of a candidate. The Screening worksheet uses these measures to
sort bridges for planning attention.
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Urgency is an economic criterion to prioritize bridges for immediate attention in the Screening worksheet. It
is calculated on each bridge from life cycle costs as follows:

6. Identify the candidate with the lowest total life cycle cost in the first implementation year.
7. ldentify the candidate with the lowest total life cycle cost in the second implementation year.
8. Compute the difference in life cycle costs between (1) and (2), then divide by the cost of (1).

This measure is therefore a benefit/cost ratio of doing work in the first year rather than the second year,
assuming that in either case you would choose the candidate with the lowest life cycle cost. If bridges are

sorted in descending order by urgency, then the top bridges on the list are the ones most in need of immediate
attention.
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This is a simple average of all available NBI condition ratings for a bridge. It is used in the Screening
worksheet as a way of prioritizing bridges for attention. The NBI items considered are:

e Deck condition (58)

e Superstructure condition (59)
e  Substructure condition (60)

e Channel rating (61)

e Culvert rating (62)

Any of these items that lack numeric (0-9) ratings are skipped in computing the average.
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Administration

It is recommended that the Excel workbook be administered as a custom reporting program for purposes of
deployment and security. It reads from the Pontis database and produces results to be read or printed by the
end-user. It does not write anything back to the database.

A small amount of data (mainly Custom Candidates) are created within the workbook and may be saved by
the end-user in an Excel .XLS file in the local file system. These data have a lifespan of about a year, before
they are likely to become outdated because of new inspections. Like most Excel files, these should have a
normal level of security, protected by the local machine’s Windows login procedure and regular backups.

It is important to note that it is not necessary to save the Excel file if no project customization has been
performed. Bridge inventory and inspection data are always refreshed from the Pontis database as a part of
loading the workbook file.

Deployment is recommended to occur once per year. The most convenient way, for administrative purposes,
is to provide an Excel template .XLT file in a centralized location accessible to all the users. Each user should
launch the system by first launching Excel, then using File — New to create the Excel workbook from the
template. If desired, a Windows short-cut to the template can be provided, to ensure that a fresh copy of the
system is always loaded. If the user attempts to use File-Save to save changes to the file, Excel automatically
prompts for a file location and name.

The template can be made read-only in the file system so it cannot be modified. To minimize the template file
size, you may want to set the Screening filter to select few or no bridges. End-users will need to change the
filter settings, then, to make the Screening list show the bridges for which they are responsible. They are
automatically prompted to do this the first time they visit the Screening worksheet.

You can modify the Word document containing the Users Manual, and create a new Acrobat file from it. The
Acrobat file must be named “Florida PLAT Users Manual.pdf”. Use Acrobat PDFMaker (not Distiller) to
create the file, so it will have the bookmark pane built for it. When you click the Users Manual button on the
toolbar, the software searches first in the network templates path, then the local templates path, and finally in
the directory containing the workbook (if it was previously saved), looking for this file. Your local templates
path is the one that appears first when you save an Excel file as a template, or when you create a new Excel
workbook from a template. You can change this path from the Office shortcut bar.

A deployment checklist has been prepared to assist in designing an orderly deployment process. It is
recommended that a regular process be undertaken to ensure data quality. See Data Management for
information on the data used in the project level analysis tool.

Since this is the first version of the project level analysis tool, and the first time such a tool has existed, we are
interested in learning how engineers use the tool in order to design a more convenient deployment and data
management scheme in the second release. Some of the issues likely to be of interest are the means of
organizing stored Custom Candidates (perhaps in a shared database or directory, separate from Pontis?), an
automated process for choosing filter settings for the user who is logged in, and storage of results to be used
further in network-level analysis.

The worksheets in the system are designed to be modified by advanced users. Such modifications can be
gathered and deployed to all users in the subsequent release.
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The following steps should be completed each year to update the project level analysis tool and deploy it to
all users in headquarters and district offices. To access the Excel worksheets containing administrative data
and analytical inputs, you will need to click the Options button on the toolbar, then check the Advanced box
and click OK. This turns off worksheet protection and exposes the worksheet tab bar, providing access to all
the worksheets in the system.

O Update Pontis analytical data (see detailed list)

0 Check definitions of elements, states, and actions, updating if necessary.

0 Adjust element preservation costs for inflation. These should be re-developed and reviewed
by the DSFEs at approximate intervals of 5 years.

0 Update deterioration models, if necessary, using the Pontis updating procedure.

0 Redevelop or update the failure cost model. This will need considerable review after the first
year of use, and should at least be adjusted for inflation each year thereafter.

0 Run the Pontis optimization immediately before loading the definition and model data into
the project level analysis tool. This recalculates long-term costs.

O Ensure bridge data quality control. All of the data items in the detailed list, especially the ones
highlighted as being used in the analytical procedures, should be subject to a regular quality assurance
program to detect and correct missing or suspicious data.

O Identify a clean copy of the latest Excel template and Users Manual, incorporating any software
updates and refinements made in the past year. Ensure that testing of the software is completed.

O Check and update the information on the Configuration worksheet, including US/metric unit system,
discount rate, first year of the program, number of years in the program, Pontis version, and database
connect string.

O Click the Import button on the Configuration worksheet. Do this only after completing the update of
Pontis analytical data, as this will over-write all the Pontis results in the Excel template.

O Review and correct, if necessary, the remaining analytical inputs in the Excel template.

o Element Definitions, State Definitions, Action Definitions, Condition Unit Models, and
Action Models worksheets are partially updated by the preceding step, so look for notes
indicating changes and possible problems in the Synch Notes columns.

0 Some of the inputs in the Element Definitions and Action Subcategories worksheets will be
subject to considerable review and tuning, especially in the first year of use.

o0 Inthe Model Parameters worksheet, level of service and design standards could change from
year to year, and unit costs should be inflated.

O Finalize the Excel template for deployment.
0 Ensure that the database connect string is correct for end-users.
0 Clear the Advanced checkbox on the Options dialog.
o If file size is an issue, set the Screening filter to select few or no bridges.
o]

Save the file as an Excel template, along with the Users Manual, in the Office network
templates directory.

0 Set the file’s read-only bit.
0 Remove and archive the old template.

O Notify end-users of the new release. If necessary, send them a new shortcut file pointing to the new
template.
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The database structure chart provides a detailed map of all the major data stores in the system. This diagram is
important if you ever plan to modify the worksheets or software, since it shows how all the major parts relate
to each other. The three columns in the diagram indicate the three places where data are stored:

e Pontis tables. The software reads data from the Pontis tables in the left column, and does not write
any data back to Pontis.

o Data structures. Held in memory, these hold the inputs, intermediate results, and outputs of the
project-level analysis.

o Worksheets. Excel worksheets provide persistent storage for data that cannot be accessed efficiently,
or at all, from the Pontis database. They also present analytical results to the engineer.

All of the objects in the upper half of the chart (except the three unshaded worksheets) are bridge-specific.
Any time you change the selection of Bridge ID, the indicated Pontis tables are accessed to load the necessary
structure data. Any time any inputs to the project-level analysis may have changed, the data structures in the
upper half of the center column are re-generated. The dark blue Dashboard and Inventory worksheets at upper
right are re-generated to show the new data and results.

If you create or modify custom candidates for a bridge, this information is stored in the light blue Candidates
and Scope Items worksheets. Data for only one bridge may be stored in a file: this bridge is identified on the
toolbar.

If you click the Details button on the toolbar, the software prepares a detailed log of all the calculations in the
project analysis on the dark blue Details worksheet, and activates that worksheet. This action also has the
effect of re-generating all the data structures in the upper center of the chart.

On the Screening worksheet, you can re-generate the list of bridges by clicking the Filter or Update buttons
on the toolbar. This processes every bridge in the selected subset of the inventory. For each bridge, the system
loads data from the Pontis tables (except userbrdg) at upper left, rebuilds the upper data structures, and then
updates the dark blue Screening worksheet. It does not change any of the other worksheets.

The lower part of the database structure chart shows the preservation model inputs used in the analysis. These
are read from the Pontis database only when you click the “Import definitions and network-level models”
button on the Configuration worksheet, and then are immediately stored in the indicated worksheets in the
Excel file. Whenever the Excel file is opened, the indicated data structures are loaded into memory from the
worksheets to speed the project level analysis computations. These data structures do not change when you
move from one bridge to another in the same Excel workbook.

Since each workbook file has its own set of preservation model inputs, model parameters, and code tables,
this information is not shared with other files. This information changes infrequently. It is recommended that
you have an annual process to update all these inputs and create a new Excel template file, which should then
be used in all subsequent gaming exercises. This would be done once in the head office, for use by all the
districts. Re-using of custom candidate data from previous years is not recommended because of the
likelihood that new inventory and inspection data will affect the decisions you make.

For more information about the use of Pontis data, see Interaction with the Pontis Database.
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Organization of Data
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Interaction with the Pontis Database

The project level analysis tool is designed to work with a direct connection to a Pontis database. It will not
operate unless a Pontis 3.4 or 4.x database is available, an ODBC data source is correctly configured, and a
correct connection string is provided. The Pontis 4.0 field must be TRUE if the database is Pontis 4.0 or later,
and FALSE if the database is Pontis 3.4.

The software reads data from the Pontis tables in the left column of the database structure chart, and does not
write any data back to Pontis. The Pontis tables shown in the lower shaded area are imported from Pontis only
when you click the “Import definitions and network-level models” button on the Configuration worksheet. All
other Pontis tables are accessed whenever a bridge is loaded. This occurs when:

e You type a new Bridge ID in the upper left corner of the Dashboard, click one of the navigation arrow
buttons next to the Bridge ID, select a bridge from the Screening worksheet, or click the Home button
on the toolbar.

e The Excel workbook file is initially opened.
e The Dashboard worksheet is activated after visiting any other worksheet.

Access to the database to load a bridge is by means of an ADO 2.5 read-only forward-only shaped recordset
with a client-side cursor. A connection to the database is opened, the recordset is populated, and then the
connection is immediately released. All of this occurs before calculating the project level analysis or
displaying the results.

Updating of the Screening worksheet works in a similar way. The client-side shaped recordset holds a smaller
amount of data about each bridge, but holds all bridges selected by the filter all at once. A connection is
opened, the recordset is populated in a single command that loads all the bridges, and then the connection is
immediately released.

When you click the “Import definitions and network-level models” button on the Configuration worksheet,
element definitions and preservation model data are copied from the Pontis database to the Excel workbook.
The five tables in the lower left portion of the database structure chart are each read separately into an
ordinary (not shaped) ADO 2.5 read-only forward-only recordset. The database connection remains open
through the five commands, then is immediately released. These Pontis tables are not accessed at any other
time.

A considerable amount of data exists in the Excel workbook that is never updated from Pontis. Most if it is
non-Pontis data such as element action applicability and any data based on action sub-categories. A few items
partially overlap Pontis but are organized differently to fit Florida needs. All of the items on the Parameters
Configuration, and Code Tables worksheets fit this description. These items change very infrequently. It is
recommended that you have an annual process to update all these inputs and create a new Excel template file,
which should then be used in all subsequent gaming exercises. This would be done once in the head office,
for use by all the districts.

For a complete list of Pontis data items, see Data Items Required from Pontis.
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Data Items Required from Pontis

The table below lists all of the data items read from Pontis. To gain maximum utility from the project level
analysis tool, it is recommended that these items be monitored for missing or erroneous data on a regular
basis. Items shaded in yellow are especially important for the analytical procedures. The other items are
merely displayed on the Dashboard worksheet, and not used in any models.

bridge
brkey
bricge_icd
strucname
facility
featint
location
latitucle
longitude
dlistrict
county
owener
custadian
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tems used in screening and project analysis

tems used only in Portis 5.4
tems used only in Pontiz 4.0 or above

For more information about any of these data items, see the Pontis help system.
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One of the advantages of using Excel for the project level analysis tool is the ability to customize worksheets
easily. You can add side calculations, display additional data from Pontis, insert new tables and graphs,
modify some of the system’s computations, re-label data, or add your own help comments. You can even
insert photos or other related documents.

When modifying the worksheets, keep in mind that the system does most of its work in Visual Basic code that
reads and writes the worksheets. Many parts of the worksheets, especially Screening and Computation
Details, are over-written by the software, so changes you make might also be over-written. It is also possible
to make changes that interfere with the Visual Basic code, causing errors. So a careful and deliberate
approach to customization is necessary.

Before customizing a worksheet, be sure to become familiar with the Excel named ranges defined for it.
These are what the software uses to find information. To minimize the chances of introducing bugs, try to

avoid modifying the named ranges. You can see the menu of named ranges to the left of the formula bar, just
above the Excel worksheet column headings.

Florida PLAT L]jj]:DashI:unard = Screening Details '}@Optiuns @ @ ﬁ
cp_brkey E|\ £ 160113

Florida PLAT Options

. X\l F F IralH

ep_candhase . v &dvanced (show worksheet tabs and turn off protection):
cp_candbuttonplace Named Options
cp_candchart - range menu button [ Update screening warksheet on first access (takes 1-5 minutes each time)
Cp]:andpane N— [¥ Sort the screening warksheet by clicking column headings (recommended)
Cp_candyrpane
cp_costad) b — oK Canicel

Worksheet tab bar

at bottom of screen

4 4 ¢ M\ Dashboard { Screening £ Irwentory 4 Candidates / Scopeltems / Trace 4 Eleml
Regardless of what changes you plan to make, the following steps are generally necessary:

o Work with a fresh copy of the system, one that does not contain Custom Candidates that you want to
save. You cannot modify the master template unless you are the administrator, so it is always possible
to revert to the official version of the software. This rule does not apply if you are simply inserting
comments, photos, or hyperlinks for a specific bridge.

e Click the Options button on the toolbar, and check the Advanced box (see above). This turns off
worksheet protection and exposes the worksheet tab bar, allowing you to navigate to any worksheet in
the system. You should clear this checkbox when you have finished making and testing all your
changes.

Settings in the Options dialog are stored in the Excel file, so the “Advanced” setting will remain as you left it
the last time you saved the file.

Although any of the system’s worksheets can be modified, here are the changes believed most likely to be
made:

Dashboard. You may want to add or modify the information displayed on the Bridge Pane, or add
more information in the unused space below the Bridge Pane or to the right. You may want to embed
graphics and comments, or insert hyperlinks to related documents for a particular bridge.

Inventory. You can arrange for additional Pontis data items to be loaded into the file for any bridge
you visit. You can then display the items, or results calculated from the items, on the Dashboard. The
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items you can add may come from the bridge table, the userbrdg table, the most recent inspection, or
the roadway table.

Screening. You can add or subtract columns on the Screening worksheet, including additional Pontis
data items. These data items may come from the bridge table, the most recent inspection, or the
roadway on the structure.

In addition, you can insert new worksheets and perform any calculations you like on them, using any features
of Excel. For example, you can do a pivot table and/or graphic analysis of bridge data drawn from the
Screening worksheet.

If you are modifying the main template for statewide deployment, see Administration for more guidance,
including information about customizing the Users Manual.
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Customizing the Dashboard

The Dashboard worksheet is a convenient place to attach bridge-specific comments, photos, and documents.
All of the normal functionality of Excel is available for doing this. Aside from the general guidance on
customizing worksheets, there are a few additional points to keep in mind when attaching things to the
Dashboard:

e |tis best to insert new content in unused cells, though you can insert a comment in any cell. In the
Bridge Pane, you can determine whether a cell already is used by clicking it. If you see a name
assigned in the range names box, or a formula or value in the formula bar, then the cell is already
being used by the software.

e The Candidate Pane, Candidate Details, Scope Pane, and Element Forecast Pane are completely
controlled by the software. If you type anything in these cells, they are likely to be erased by the
software.

e The empty space below and to the right of the panes is free for your use. However, keep in mind that
the height of the Scope Pane varies depending mainly on the number of element inspection records on
the bridge. Certain bridges (especially moveable bridges) may extend far below the bottom of the
Bridge Pane, and could obliterate anything you type in that space.

To insert a comment in any cell, right-click the cell and choose Insert Comment from the pop-up menu. A red
triangle will appear in the upper right corner of the cell to indicate that a comment is there. To insert a photo,
choose Insert — Picture — From File. You can position the photo anywhere on the worksheet (below). You can
also insert hyperlinks to outside documents: right-click an empty cell and choose Hyperlink. Subsequently, all
you have to do is click the cell to launch the document. You can even insert a picture and make it into a
hyperlink.
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Any Dashboard cell that is not controlled by the project level analysis software can have a formula to present
or compute information based on other cells, including cells from other worksheets. A common application
used in the Bridge Pane is to compute cells using data from the Inventory worksheet.

The first example below is a very simple one, which presents the bridge structure name using the formula
“=p_strucname”. This refers to a named range on the Inventory worksheet, and simply copies what is found
there. It takes advantage of the fact that the software automatically populates the Inventory worksheet every
time the user moves from one bridge to another.
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The second example demonstrates a more complex formula, that gets data from the Inventory worksheet
(named ranges b_materialmain and b_designmain). These are coded NBI fields, so the formula gets more
readable labels from code tables (named ranges ct_material and ct_design), and concatenates them together
with a colon separating them. As marked in the example, the formula uses the Excel VLOOKUP worksheet
function to perform the lookup from the code table. All available code tables are found on the Code Tables
worksheet. For uniformity, all NBI codes are stored as text data in the code tables, even though they often
(but not always) appear numeric. VLOOKUP requires that the code tables be sorted in ascending order by the
codes. The Excel TEXT worksheet function is used in the worksheet formulas to convert data to text so the
table lookup will work properly.

Florida PLAT | kil Dashboard 24 Screening =55 D
B4 - £ =h_strucname Simple
A [= D E FGH formula
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If you plan to develop custom formulas for the Dashboard worksheet, you can find many examples already
provided in the Bridge Pane.
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Customizing the Inventory Worksheet

Every time you visit another bridge, either by typing its ID in the Dashboard, or clicking a navigation button,
or selecting from the Screening worksheet, or by any other means, the software automatically populates the
Inventory worksheet with all the data it will display and analyze. The information presented in the Bridge
Pane of the Dashboard is calculated from this information, often by means of Excel formulas.

Only a subset of Pontis data items are normally imported to the Inventory worksheet. If you would like the
Dashboard to show an item not currently provided, you can add it. The Inventory worksheet (shown below)
has two sections, bridge-level data on the left, and roadway data on the right. Bridge-level data include items
from the bridge table, the span table (main span, only in Pontis 3.4), the userbrdg table, the roadway on the
structure, and the most recent inspevnt. All roadway data are from the Pontis roadway table. Since a bridge
can have multiple roadways, they are shown in adjacent columns sorted by on_under (NBI 5A) in the order 1,
2,AB, ..., Z

Inventory - Bridge 010001

Bridge Data Roadway Data

WEL Diescription r ] Mame eschHptiol MEI Value
Unique bridge key 160113 1_brkey Unique bridge key brkey 160113 160113

b_brkey bridae brkey #

b_bridge_id Agency bridge identifier bridge bridge_id 'R 160113 1_on_under Fecord lype on_under  Ba 1

b_fmnumber Financisl mgmt number FMOEL  FINPROJ % 1_kind_hwy Ficute signing prefir kind_hwy Sb |3 1
b_strucname Agency bridge name bridge strucname ] ] IKATHLEEN RO OVER -4 .I T_lewl_srve Designated level of service lewl_srve Be 1 1

b_Facility Facility carried by bridge bridge Faility " £ T SR B39KATHLEEN RO T_routenum Rioute number routenum 6d | 00533 00004
b_Featint Feature interzected by bridge bridge Featint " # Ba |I-4[SR400] r_dirsufiz Directional suffiz dirsuffi fe |0

b_location Lowation narrative bridge location " e 2.8 KMMORTH OF SR EE2 r_kmpost Kilometerpoint kmpost 1 2A42E000 ) B.094000
b_latitude Latitude 4 bridge latitude PR & 18 25041200 T_Irsinwrt LS Inventory Foute Irsinwrt 132 | DOIE004000 0016320000
b_longitude Longitude 4 bridge longitude 4w w17 215912.00 1_subrtnum LR% Subroute Mumber subrtnum 13b |1 o0
b_district Agency district bridge district Vi o2 ol r_funcclass Functional classification funcclass 26 16 1
b_county County location of bridge bridge county 4 % | x 3 8§ 1_lanes Lanes on roadway lanes 28 2 4
b_owner Erridge owner type bridge cwner s | & 22 I_rosdwidth | Bridge roadway width, curb to curb roadvidth |51 8500 22300
b_custodian Maintenance responsibility agency type  bridge custodian ] % 21 1 r_aroadwidth Approach roadway width aroadwidth 32 400 22.300
b_paralstruc Parallel structure designation bridge paralstruc " I L) I r_wclrine Minimum wertical clearance wilring 10 59.990 4.990
b_yearbuilt ‘Year built bridae yearbuilt " ® 2T 1961 1_helriny Total horizontal clearance helring 47 .500 19.100
b_yearrecon Year reconstiucted bridge yearrecon x| ox 108 -4 1_road_speed | Fioadway speed 1cad_speed 72 104
b_length Structure length bridge length s n 49 £4.300 r_det_speed | Dietour speed det_speed 7z 72
b_maxspan Mazimum span length bridge Mmakspan ] %48 21.000 r_bypasslen Bypass detour length bypasslen 19 5.000000  1.000000
b_deckwidth Dieck. width, out-out =pan deckwidth " # B2 10.400 r_adttatal Awerage daily traffic adttotal 29 20700 59000
b_materialmain | Materialtdesign of main unit span material ® | & 43a & 1_admyear Year of average daily raffic adtyear an 1339 1399
b_designmain | Designiconstruction of main unit span design % | & 43 2 1_adtfuture Future average daily traffic adtfuture | 114 24840 70800
b_materialappr | Materialidesign of approaches bridge materialappr v #a [_adifutyear | ‘Year of future average daily traffic adifutyear | 115 2020 2020
b_dezignappr Diesignfeanstruction of approaches bridge designappr % ddh T_truckpet Awerage daily truck traffic (3] truckpet 103 10 10
b_dkstructyp Deck structure type bridge dkstructyp 107 r_grawth Traffic growth rate 087 0.57
b_dksuritype Deck wearing surface bridge dksurftype v 102 1_adt Current estimated ADT 21248 BOEET
b_dkmembtype | Deck membrane type bridge dkmembtype v 108k

b_dkprotect Deck protection bridge dkprotect % 108

See Customizing Worksheets for general guidance on modifying the Excel workbook. Here’s how to add a
Pontis column to the list at the bridge level:

o Select a row within the left section of the worksheet, right-click, and choose Insert. In the dialog that
appears, choose Shift cells down. Alternatively, you can enter the new item in the first blank line at
the bottom of the list. Do not leave blank lines within the list.

o Fillin your new row, using the others as examples. The Name column must contain a unique range
name beginning with “b_". Pontis Table, Pontis Column, Get from 3.4, and Get from 4.0 must be
filled in correctly to locate the item in the Pontis database.

¢ Name the Value column cell by clicking the cell, then clicking the range name box, and then typing
the name. This must agree with the Name column. Formulas on the Dashboard worksheet use the
range name to find the data.

You can follow a similar process to add roadway items. Roadway range names begin with “r_" and are
applied to the entire row. There is no Pontis Table column since all items are understood to come from the
Pontis roadway table.

It is possible to calculate the values of the Pontis Table and Pontis Column cells using Excel formulas. Look
at b_materialmain for an example, where the source location depends on the version of Pontis.
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It is also possible to create variables that are not imported from Pontis, but are formulas further used by other
formulas within the workbook. For example, the Value column of b_growth calculates an average growth rate
from roadway data. Pontis Table, Pontis Column, Get from 3.4, and Get from 4.0 are all left blank since this
item is not loaded from Pontis.
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Finally, you can edit or delete items from the Inventory worksheet as well. Do not delete any items used by
the Pontis analysis. If you edit or delete an item used by formulas on the Dashboard or elsewhere, be sure you
make corresponding changes where the item is used. To edit or delete a named range, use Insert — Name —
Define in Excel.

After making any of these changes to the Inventory worksheet, you must exit from the workbook (or from
Excel), save the file as an Excel workbook or as a template, and then restart it. The software will present an
error message if it is unable to load the items you named.
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Customizing the Screening Worksheet

The Screening worksheet is a tool for quickly organizing and selecting bridges for the Dashboard, and it is
also a useful analytical tool in its own right. You can use it as a convenient way to extract Pontis data from
the bridge table, the most recent inspection, and/or the roadway on the structure, for further analysis within
Excel.

See Customizing Worksheets for general guidance on modifying the Excel workbook. To add, delete, or
modify columns in the Screening worksheet, you need to make use of several rows that normally are hidden.
Follow these steps:

e Click Options on the toolbar. Check the “Advanced” checkbox and clear the “Sort the Screening
worksheet” checkbox, then click OK. Doing this will enable you to select and edit the column
headings.

e Select rows 3 through 11 by click-dragging the row numbers at the far left.

¢ Right-click the selection and choose Unhide. The worksheet will then appear as below.
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Row 10 is always blank, to ensure that Excel recognizes row 11 as column headings. Rows 6 and 7 are table
and column names for Pontis 3.4, and rows 8 and 9 are table and column names for Pontis 4.x.

To insert a column, right-click an Excel column heading (the letter at the very top), and choose Insert. Fill in
the Pontis 3.4 and/or Pontis 4.x database information in the new column, and be sure to provide a label in row
11 for the column heading. The remainder of the column can remain blank. Excel automatically formats the
cells correctly, including underlining the column heading. You can add a left or right border to your column
or make other format changes, if desired, using the Excel features on the Format menu.

You can also edit or delete columns. However, you may not change or delete columns A through C, which are
used by the software to locate bridges. (Column C is hidden.)

The software also provides a number of calculated performance measures, identified with “calc” as the table
name, that you can use as columns in the worksheet. Initially all of them are shown, but you can delete any of
them if you don’t want to see them. (Alternatively, you can hide or move their columns.) The performance
measures are computed by performing the project-level analysis on all bridges in the list, and using the
Candidate that provides the lowest life cycle cost in the first year of the program.
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