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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: 

• 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). 

• 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). 

• 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: 

• 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. 

• 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. 

• 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. 

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

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

• 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. 

• 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. 

• 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. 

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

• 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. 

• 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. 

• 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. 
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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). 

 

 
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: 
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• 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; 

• 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: 

• 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. 

• 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. 

• 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 
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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: 

• 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. 

• 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). 

• 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

Coef1 -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 = (Coef1 + 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 sq.m of deck area and cost $412,896 ($640/sq.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. 



 
6

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 State1 State2 State3 HealthIx FailRisk 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 2.31 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.
HealthIx = 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: 

• Do Nothing - no action in any year of the planning period;  

• 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);  

• 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. 
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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: 

• Minimum and maximum thresholds for feasible scale of actions. 

• A rule requiring replacement of railings and joints any time a deck is replaced. 

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

• 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: 

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

• 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). 

• 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 
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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 III 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. 
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Examples of some of the contents of the dashboard worksheet are: 

• Flags indicating functional deficiencies 
and vulnerabilities, including Smart Flags 
(2) noted in the bridge inspection process 
(right).  

 

 

 

 

 

 

 

• 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 prediction of element conditions 
and anticipated preservation needs in 
any year in which a candidate project 
is being considered (right). The bar 
graph is interactive, changing to show 
condition each year as the cursor is 
moved, helping the engineer to 
visualize the relative deterioration 
rates of the various elements on a 
bridge.  
 

• 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.  

 

 

 

 

 

 

 

• 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&I 
(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 
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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.  

 
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. 
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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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GGGeeettttttiiinnnggg   SSStttaaarrrttteeeddd   
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: 

• 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. 

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

• 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: 

 
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 Items 
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! 
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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). 

 
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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and bearings 
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Understanding Life Cycle Cost 

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. 

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

scope items (not discounted) 
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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Predicting Condition 

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. 

 
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. 

The upper table also shows the Pontis recommendations for each condition 
state. The example analyzed here assumes that the repairs in states 2 and 3 are 
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. 
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Understanding Candidates 

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. 

 
 

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. 
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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. 

 
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. 

 
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. 
Above it are the district (and owner and custodian, if not FDOT) and 
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 
you to positively identify the structure. 

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 
in a group, the software maintains a 
listing of bridges. You can select 
from this list by clicking the Menu 
button. A list of bridges is presented, 
allowing you to select one merely by 
clicking its Bridge ID. You will learn 
more about the capabilities of this 
menu in the next lesson.  

You can visit bridges in the order 
given in the menu, by clicking the up 
or down arrow buttons. This is the 
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. 

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 
which bridges to show in the list. The example at right shows District 
1 with all state-owned structures, omitting poles, signs, and walls. 
When you click the OK button, the software loads the bridges you 
requested into the list, and re-computes all the performance 
indicators. If you click Cancel, the filter settings are not changed and 
the data are not reloaded or re-calculated. (For example, you might 
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 
you want to see. 
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worksheet. 
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Dashboard. 
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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.  

 
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. 

 
Click the Auto MRR&I 
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Duplicate, to create a 

custom candidate. 

You can rename a 
custom candidate 

here.

Type indirect cost 
factors here to over-
ride the defaults...

…then see the effect 
on project costs 

here.
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…then see the effect on 
adjusted benefit/cost 

summary here.
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Customizing Candidates – Scope Items 

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. 

 
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. 

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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Edit a 
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item. 

Add a preservation scope item to the 
selected condition unit. 

Add a functional improvement. 
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Managing Customized Structures 

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. 

 
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. 

 

Toolbar button to 
return to the 

customized bridge. 
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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. 
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WWWooorrrkkkssshhheeeeeettt   RRReeefffeeerrreeennnccceee   
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: 

 
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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Dashboard 

 
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.  

Toolbar 

Bridge Pane Candidate Pane 

Candidate Detail 

Scope Pane Element 
Forecast 
Pane 
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Bridge Pane 

The Bridge Pane of the Dashboard is designed to allow you to 
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. 

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 
21 and 22) are shown also. The right side shows the county 
where the bridge is located. 

Rows 2 and 3. Here is shown the bridge_id and buttons for 
navigating to other bridges. The Menu button brings up the 
Screening worksheet, presenting a prioritized list of bridges from 
which you may select. The up and down arrow buttons allow 
you to go from one bridge to another in the order given in the 
Screening worksheet. You may also select a bridge by typing its 
bridge_id in the box. As you visit a series of bridges, the 
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 
among them, even if they are not adjacent to each other in the 
Screening list. 

Row 4 is the bridge strucname. In the FDOT inventory this 
usually is a combination of the facility carried and feature 
intersected. 

Row 5 gives the structure type of the main span (NBI 43) and 
the year built (NBI 27). If the bridge was reconstructed, the year 
built includes a slash mark and the year reconstructed. 

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 

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

• 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. 

• 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): 

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

• Auto MRR&I (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);  

• 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 

 
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 

 
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 

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: 

• Bridge cost and benefit adjustment factors (lines 36 and 37 of the Bridge Pane). 

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

• Scope item type, name, corresponding condition unit or functional need, action sub-category, 
quantity, 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. 

 

 
 

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. 

Bridge 160113.xls 

Bridge 172123.xls 

Bridge 172125.xls 

Bridge 172134.xls 

Browse Bridge.xls 
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Managing Scope Items 

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 
quantity 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. 
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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 
but not currently present in the candidate. 

 

 

If you chose to add a miscellaneous scope item, you will see the dialog 
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 
Candidate Details Pane, and the benefit will be discounted (because of the 
future implementation year) and then included in the “Agency benefit” 
field. 

 

 

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 

 

 

 
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: 

• Click a bridge ID to go directly to that bridge on the Dashboard; 

• Click a column heading to sort the list on that column; click it again to reverse the order; 

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

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

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

• 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 

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 
these lists. Click the All checkbox to select all the items in the list. If 
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. 

In addition to this feature, you can take advantage of filtering features 
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 
occur in the column, as well as other features for subdividing the list. 
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Computation Details 

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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Raw Bridge Data Worksheets 

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. 

• 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. 

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

• 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. 

•  Parameters – Miscellaneous modeling parameters (right) used throughout the analysis. Each item on 
this worksheet has an Excel 
comment explaining it. This 
worksheet is meant to be 
updated manually once a year. 

• Code tables – This worksheet 
consists of lists of NBI codes 
and more readable labels 
representing them. These are 
assumed to be nearly static, so 
they are reviewed and updated 
manually each year. 

• Element definitions – Data 
imported from the Pontis 
elemdefs table, plus additional 
modeling parameters, updated 
manually, for the deterioration 
model and the action 
applicability model. 

• State definitions – Data 
imported from the Pontis 
statedfs table. 

• Action definitions – Data 
imported from the Pontis 
mrractdf table. Each Pontis 
action is associated with an 
action category here. 

• Condition unit models – Data 
imported from the Pontis 
condumdl table, including failure probabilities and costs. 

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

• 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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Configuration Worksheet 

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. 

 
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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LLLiiifffeee   CCCyyycccllleee   CCCooosssttt   FFFrrraaammmeeewwwooorrrkkk   
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. 

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

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

• 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. 

• 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 Phase 

 
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: 

• 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. 

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

• 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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Implementation Phase 

 
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: 

• Do Nothing - no action in any year of the planning period;  

• 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);  

• 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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Consequence Phase 

 
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: 

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

• 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. 

• 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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Discounting and Present Value 

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: 

Discount rate 
int1

1
+

=α  

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. 

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

• 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: 
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FFFuuunnndddaaammmeeennntttaaalll   MMMooodddeeelllsss   
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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Deterioration Model 

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. 

 
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% × 96.93% 
 2: 11.09% = 91.07% × 3.07% + 8.60% × 96.37% 
 3: 0.61% = 8.60% × 3.63% + 0.32% × 92.38% 
 4: 0.03% = 0.32% × 7.62% + 0.01% × 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: 

)/1(5.0 TP =  

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: 

• 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. 

• 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: 

• If 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. 

• 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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Preservation Actions 

Each element and condition state in Pontis has a set of 
feasible actions defined for it. These same actions, and 
their preservation models, are used in the project level 
analysis tool.  

Shown at right is an example of the feasible actions 
defined for a typical deck element on the MR&R Action 
Definitions worksheet. Each condition state currently 
has up to three actions, one of which is always do-
nothing. In the FDOT Pontis Agency Cost Study, the 
1400 feasible actions defined in the FDOT Pontis 
database were grouped into 5 categories (Do Nothing, 
Replace, Rehab, Repair, and Maintain) and 50 sub-
categories useful for cost estimation. This concept is 
used extensively in the system. (See Sobanjo, J.O. 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.) 

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

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

• 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. 

• 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. 

 
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. 

White cells represent valid sub-categories; numbers refer to footnotes

Object 100-Replace 200-Rehab 300-Repair 400-Maint
Materials 0 Other material 1

1 Deck 2 3 4
2 Steel/coat (incl metal) 5 6 7
3 Concrete 8 9
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 10 10 10,11 10
32 Cath prot

Major 41 Beam
42 Truss/arch/box
43 Cable
44 Substr elem (exc cap) 12
45 Culvert
46 Appr slab 13

Appurtenances 51 Pole/sign

Footnotes
1. Wash structure
2. Rehab deck and replace overlay
3. Repair deck and substrate
4. Repair potholes
5. Replace paint system
6. Spot paint
7. Restore top coat
8. 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

Action Category
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Candidate Definition 

 
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. 

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

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

• 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. 

• 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. 

 
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&I 

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: 

• 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. 

• 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. 

• Action selection and quantity 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. 

• 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. 
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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. 

• 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. 
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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: 

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

• 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. 
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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. 

 
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: 

• 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. 

• 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. 

• It is 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 
example. For convenience, it is expressed as the 
condition states where each action category is not 
applicable. The “w” indicates the worst defined 
condition state for the element. Notwithstanding this 
table, actions are always applicable in the states where 
they are feasible. Actions in the Maintenance category 
are applicable only in states where they are feasible. 

Calculation of quantities from this table is done before 
the estimation of costs and condition outcomes. The 
application of each action to each condition state may 
have a different unit cost and effectiveness vector than 
the same action applied to other states. This is consistent 
with the Pontis cost model. The means of deciding what 
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 
quantities, 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. 
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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: 

• 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 
indirect cost factors (in percent, positive or negative) are applied 
separately to the adjusted direct cost to calculate indirect costs. In 
the Auto MRR&I candidate, indirect cost factors depend on the 
types of elements present on the bridge, according to a table on the 
Model Parameters worksheet. The program computes a weighted 
average indirect cost factor, using the direct costs of scope items 
as weights. For painting scope items, the cost factors for painting 
are used instead of the cost factors by element type. 

Preservation unit costs in FDOT’s Pontis system and in the project 
level analysis tool were developed in the FDOT Pontis Agency 
Cost Study. (See Sobanjo, J.O. 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. 

 
Replacement contains 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. Replacement is assumed always 
to remedy all functional needs, so there are no excess user costs following replacement. 

• 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. 

• 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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Failure 

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. 

 
An earlier study used an expert judgment elicitation process to calculate failure probabilities. See Sobanjo, 
J.O. 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. 
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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 × FailProb × FailCost × Quantity 

Where WorstProb is the probability of the worst defined condition state,  
 calculated using the deterioration model; 
FailProb is the failure probability, developed in the Florida expert elicitation process; 
FailCost is the unit failure cost, developed for Florida in a separate analysis; 
Quantity is 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. 

 
 



 
69

Long-Term Cost 

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: 

• 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. 

• 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.  

 
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 ∑+=
j

jajaijiaia LPCL )(α  

where: iaC  is the unit cost of action a (fixed + variable) when the element is in state i 
 α  is a discount rate for costs incurred one year in the future 
 aijP  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) 
 )( ja  is the optimal action for state j (the action giving the lowest long-term cost) 
 )( jajL  is the long-term cost which would be calculated next year if state j occurs and the optimal 

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. 

 
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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Functional Needs 

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: 

• 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 × Design shoulder width + Number of lanes × Design lane width 

Design width = 2 × Design shoulder width + Number of lanes × Design lane width 

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

• 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. 

• 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: 

• Widening – Relieves the width deficiency on the roadway on the bridge. 

• Raising – Relieves the vertical clearance deficiency on all roadways under the bridge. 

• 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: 
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Where: 0rV  is the most recent actual traffic volume estimate (NBI item 29, adttotal in the roadway table) 
 0rY  is the year of most recent traffic volume estimate (NBI item 30, adtyear in the roadway table) 
 rnV  is the forecast future traffic volume (NBI item 114, adtfuture in the roadway table) 
 rnY  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: 

• 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. 

• 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. 

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

• 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. 

• 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% × 365 × AADT × AccCost × (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: 

(Coef1 + Coef2 × Lanes × Length + Coef3 × Narrowness × AADT) ÷ 1000 ÷ AADT 

Where: Coef1 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 Coef1: 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% × 365 × AADT × DetCost × Truck% × (CurrDet% – ImprDet%) 

Where: Weight% is the user cost weight given on the Model Parameters worksheet; 
AADT is annual average daily traffic for the year analyzed; 
DetCost is the detour cost per truck; 
Truck% is the fraction of trucks in the AADT (NBI 109); 
CurrDet% is the percent of trucks detoured by the current bridge; 
ImprDet% 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 
(VClr, feet) 

Percent of trucks detoured 

Interstates  

< 9.65 100 

< 13 855.91 - 223.43 * VClr + 22.199 * VClr ^ 2 - 0.74236 * VClr ^3 

< 14 1.0956E+56 * VClr ^ (-48.683) 

<= 16.1 14.567 - 0.9046 * VClr 

Higher 0 

Non-interstates  

< 7.3 100 

< 13.5 -26.275 + 34.692 * VClr - 2.3894 * VClr ^ 2 

<= 14 138.86 - 9.886 * VClr 

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: 

Weight% × 365 × AADT × DetCost × Truck% × CurrDet% 

Where: Weight% is the user cost weight given on the Model Parameters worksheet; 
AADT is annual average daily traffic for the year analyzed; 
DetCost is the detour cost per truck; 
Truck% is the fraction of trucks in the AADT (NBI 109); 
CurrDet% 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: 

 
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 × BypLen + TT × 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 is 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 
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PPPeeerrrfffooorrrmmmaaannnccceee   MMMeeeaaasssuuurrreeesss   
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 

Forecasting 
Dashboard

Timing 
Screening Derivation 

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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Health Index 

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: 

Health Index 
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where efC  is the failure cost for element e 

 eiQ  is the quantity of element e in condition state i 
 eN  is the number of condition states in element 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 

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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Benefit 

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 

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. Identify 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. 



 
84

Average NBI Condition 

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: 

• Deck condition (58) 

• Superstructure condition (59) 

• Substructure condition (60) 

• Channel rating (61) 

• Culvert rating (62) 

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

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. 

 Update Pontis analytical data (see detailed list) 
o Check definitions of elements, states, and actions, updating if necessary. 
o Adjust element preservation costs for inflation. These should be re-developed and reviewed 

by the DSFEs at approximate intervals of 5 years. 
o Update deterioration models, if necessary, using the Pontis updating procedure. 
o 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. 
o Run the Pontis optimization immediately before loading the definition and model data into 

the project level analysis tool. This recalculates long-term costs. 

 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. 

 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. 

 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. 

 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. 

 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.  

o 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.  

o In the Model Parameters worksheet, level of service and design standards could change from 
year to year, and unit costs should be inflated. 

 Finalize the Excel template for deployment.  
o Ensure that the database connect string is correct for end-users. 
o 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. 
o Set the file’s read-only bit. 
o Remove and archive the old template. 

 Notify end-users of the new release. If necessary, send them a new shortcut file pointing to the new 
template. 
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Data Management 

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: 

• Pontis tables. The software reads data from the Pontis tables in the left column, and does not write 
any data back to Pontis.  

• Data structures. Held in memory, these hold the inputs, intermediate results, and outputs of the 
project-level analysis. 

• 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: 

• 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. 

• The Excel workbook file is initially opened. 

• 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. 

 
For more information about any of these data items, see the Pontis help system. 
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Customizing Worksheets 

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. 

 
Regardless of what changes you plan to make, the following steps are generally necessary: 

• 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. 

• 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. 



 
93

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: 

• It is 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. 

• 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. 

• 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. 

 
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 
“=b_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. 

 
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, A, B, …, Z. 

 
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: 

• 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. 

• Fill in 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. 

 
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: 

• 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. 

• 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. 

 
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. 


