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1.0 Introduction

Pavements arc a vital clement of transportation in the United States and worldwide. Pavements
facilitate the exchange of products from one country 1o another, onc region to another, or one city to

another through road networks and airport facilitics. Although pavements represent a critical part ofthe -

world  infrastructure, transportation agencices are faced with fewer comniitted dollars to address the
detesiorating pavement infrastructure. Rather, pavement rehabilitatior. and construction preject funds
arc compeling with other financial nceds, including safety, congestion, and education. As s result,
pavement managers are beginning to utilize tools that assist them in determining the most cost-cfective
long-term solutions to addfess the prowing backlog of pavement rehahilitation riceds. This workshop is
aimed at introdycing pavement management to the participants and discussing each of its major
componcents.

Pavenient management systems (PMS) provide the tools necessary to forecast future conditions so that
a transportation agency can identify the optimal timing lor pavement preservation and the type of
pavement repair strategics that will best address the goals of the organization and the deficiencics

identificd in the road network. The ability to identify the optimal timing for pavement rehabililation is -

perhaps onc of the greatest benefits provided by a PMS. The American Public Works Association
(APWA) documented the importance of timing rchabilitation activities on cost in a report (1). This
report illustrated the impacl of delaying pavement rehabilitation activities with the following figure,
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Figurc I. Impact of Rehabilitation Timing on Cost (1)

This graph shows that over the first 75% of the life of a pavement, approximately 40% of the pavement
condition deteriaration takes place. Afler this point, the pavement deteriotates much faster, with the
next 40% drop in pavement condition occurring over the next 129 of the pavement Jife. The financial
impact of delaying repairs until the second drop in pavement condition can mean repair expenses 4-5
times higher than repairs triggered over the first 75% of the pavement life.



In addition 1o helping agencies identify the optimal timing for pavement rehabilitation to take place.
a PMS also provides_an agency with additional types of inférmation, so that more efficient and
eflective decisions can bé made. A PMS provides the following: .

. The ability to cvaluate current and predicted pavement condition,
e Tools to assisl an agency in identifying and prioritizing pavement rchabilitation
needs.
o Analysis tools that can assist an agency with the selection of appropriate
" rehabilitation stratcgics to address the deficicncies identified in a pavement.
« - Methods 10 evaluate the tong-lerm effectivencss of onc program approach over
another.

In actuality, methods for systematically and objectively ranking pavement rehabilitation projects
have been used successfully for over 20 years utilizing various levels of sophistication in the
analysis. The simplest procedures utilize ranking lechniques that prioritize projccts based on agency
defined ranking factors such as condition and/or traffic levels. Perhaps the nost sophisticated
analysis tools utilizc truc optimization techniques, using sophisticated mathematical modeling
approaches to determine the optimal network strategy to meet agency goals, and then delining a
program to match the strategy. Dr. Robert Lytton has found that simple ranking procedures can
provide an agency with 20 to 40 percent more benefit that the old. subjective project selection
lechniques used prior to the computerized systems used today. Another 10 to 20 percent benefit can
be achicved by adopting optimization niethodologies over ranking procedures. Lytton defines these
benefits in terms of fonger service life to the agency, better satisfaction with the pavernent network,
and a greater number of users served effectively (2). N

Regardless of the analytical approach used to identify and recommend pavemient rehabilitation
projects and treatments, a PMS should be able 1o answer the following types of questions:

° Is the condition of the pavement network acceptable as defined by the agency's
policy?

° Is the overall condition improving over time, remainjng stcady, or decreasing?

. What portion of the pavement network is in nced of rehabilitation, but is not being
addressed duc to a shortage of funds?

° Whal are the long-term impacts on the network of the project selections made today?

. Is therc a more cost-cfTective approach for managing the pavement network?

The objective of this workshop is to discuss the most common methodologics being used to identify
and sclect projects in order to improve the cost-effectiveness of pavement-related decisions. The
workshap material introduces the components of a PMS and discusses each of these components in
detail. Options available within each option are also presented and examples from agencics are used
as much as possible. The workshop concludes with a section presenting the benefits realized by )
agencics that have implemented a PMS.

2.0 Introduction to Favement Management and The Comﬁoncnls of a PMS
2.1 dntroduction 1o Pavement Management

As discussed carlier, pavement management is a process that can be used to help agency personnel
make informed decisions regarding the maintenance and rehabilitation of its pavement nctwork. A
PMS consists of the tools that are used 1o assist in the decision-making process, including the
databasc and analysis tools. The components Lypically included in a PMS arc discussed in the next
section,

Al the present lime, there is no one definition that is universally accepted to describe pavement
management. The APWA defines a PMS as ” . . . a systematic method for routinely collecting,
storing, and retrieving the kind of decision-making information needed to make use of limited

maintenance (and construction) dollars.” (1) The American Association of Highway Transportation
Officials (AASHITOY states that the . function of a PMS is to improve the efMiciency of decision
making, wc provide fccdback on the consequences of decisions, w
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coordination of activities within the agency, and ensure the consistency ofdccmons made at difTerent
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manag,cmcm tevels within the same organization.” (3) -

Throughou( lhis workshop, an cmphasis will be placcd on‘the rolc'a PMS plays in the decision-
making process. It must be emphasized that an agency should not rely solely on the PMS-io make
pavement maintenance and rehabilitation decisions, There are many factors that contriboule to the
final sclection of projects and trealments for an improvement program. A PMS can assist with the
decision-making process, but can not consider all factors that are important to the process. it is
important for the agency to fake the information provided by the PMS, combine it with the
cxperience of agency personnel and the outside factors (ha( affect the program development process,
to devclop the final repair program.
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it should also he noted that most recommendations from a PMS are made at lhc nctwork Icvc] rather
than the project level. In other words, most pavement management recommendations consider the
entire agency network as a whole and develop multi-year improvement programs thatprovide the .
agency with the most benefit, or least cost, for available funding levels. At this level, decisions are
based on approximalte condition and cost irformation that is easily obtainable by the agency and
provides._gencral rccommendations regarding the type of repair necessary and the approximate costs
of that repair.

Once a project is selected for the improvement program, a more detailed investigation of the
pavement section must be performed to determine the exact type and quantity of work required. In -
most instances, this includes a detailcd pavement evaluation that includes nondestructive deficction
testing and coring to determine the in-situ propertics of the existing materials, Other details, such as
associated shoulder repairs, bridge repairs, or drainage improvements nceessary, are noted as part of
this detailed investigation so that appropriate funding levels can be obtained for the project. This
type of analysis is referred to as a project level analysis.

22 Components of a PMS

Although there are many dilfercnt types of pavement management software available, each of them is
compriscd of the seven basic components shown in figure 2. The levels of sophistication required for
cach of the components, and the types of data used for cach of the soflware types, vary widely
depending on the needs of the user.

2.3 Network Inventory ﬁﬁéaﬂ‘l{ﬂ% Rﬁﬂh?\mﬁﬁiﬁ'[ i
The network inventory is used (oédcﬁnr the physical characteristics of the pavements being managed.
1t can include a wealth of information, such as pavemcnt length and width, locatidn reference
identificrs, as-built materials and thickness, trafTic data, surface type, non-destructive/destructive test
tesults, and rmaintenance histories  Two general guidelines should be used for determining the extent
nfmformahon that sheuld be ifcluded in the network inventory.| First ol all] the data should be fairly
casy t¢' ebtain so that large amgunts of time are not invested in The scarch for rccordaSccondly[lhc
information should serve a purpose. 11 the information will not be useful in making some type of
decision regarding the maintenance or rehabilitation of the network, it wilt most tikely not be worth
the effort to collect it. ]

The complexity of the type of information that is included in the network inventory varies directly on
the size and function of the organization using the PMS. For example, state highway agencies have
very extensive network inventorics which frequently contain as-built records, traffic counts, material
properties, maintenance records, and milepost eferencing systems. On the other hand, smalier
agencics may only collect information such as pavement length and width data, location reference
identificrs, surface type, and length of time since a major rehabilitation treatment has been applied.

In thesc instances, only the minimum required data is collected and used o make decisions. Carcful
consideration should be given 1o the usefulness and cost of compiling historical records versus the
option of building a historical record beginning at the time of implementation.
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Figure 2. ‘Pavcmcn( Management Components

2.4 Condition Assessment S IR

Perhaps the most important component of anyjpavcmcm management system is the selection of the
approach which is used to gvalyate current pavement condition. At the network level, where entire
pavement networks are considered, it is particularly important to_select a_procedure that is objective
.and repeatable. The pavement network must be evaluated consistently and independently of the
cevaluator, so that the system evaluations are dependable from one year to the next and from anc rater
1o the next. The user must keep in mind that the pavement condition data is used as the basis for
cvery decision made by the pavement management systeni. I0it is not reliable, none of the
recommendations of (he system will be reliable.

The method of condition assessment used by different agencies is typically a function of their needs
and available resources. Some methodologics, such as the Pavement Condition Index (PCI)
developed by the Corps of Engincers and described in the FAA AC 150/5380-6 and ASTM Standard
D5340-93 for airports and U.S. Army Construction Engineering Rescarch Laboratory (USA-CERL)
Technical Report M-90/05 Pavement Maintenance Manogement for Roads and Streets Using the
PAVER System for roads, require the measuring of distress quantitics on a representative portion of
the network. Although labor intensive, the PCI provides an excellent assessment of the types and
causes of distresses that are present. This information can then be used for determining treatment
needs, project priorities, and preventive maintenance needs for sections not receiving major
rehabilitation. Most airports rely on the PCI as the network level condition assessment used with
their pavement management syslcms.Erhc PCl is frequently suppiemented with non-destructive
testing (NOT) results at the project level for the design of structural rehabititation lrcalmcntsJ
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The PCl.approach is impractical ror_rsc in agencies responsible for the main(guancc and
rehabilitation of an entire state highﬁa;_ network,-such as a Department of Transportation. Instead,
these agencies frequently utilize a number of ‘techniques-forjassessing the current condition of the
nctwork, including pavement distress, roughness, prolile, and rutting. [A number of agencices have
acquired vehicles that automatically coflect roughness, profile, and rutting information while -~~~
traveling over the highway nctwork at traffic speeds. These devices ulso collect distress information
through the use of high resolution video, which is tater used at a workstation to detcamine ype))
extent, and quantity of distress information on represcntative samples of the network. In recent years,
some agencics have relicd on automated crack defection programs included as part of the automated
inspection vehiclés, however there has been little success in documenting the repeatability and
reliability of this technology. : -

Figure 3 provides an schematic of the types of equipment available for canducting, autormated data
coliection. This device, a Video laspection Van (VIV) mahufactured by PaveTech out of Norman,
Oklahoma, is used i a number of states. While driving over the highway nctwork, two cameras are
videotaping half of the pavement lane while Jascrs and other sensors are automatically recording
roughness, rutting, and profile mecasurcments. Other cameras are positiqncd to obtain panoramic
views that may be used for sign or guardrail inventories. Depending on the condition assessment
procedures used by an agency, distress information is combined with the automated measurements to
determine the overall condition rating for each pavement section. Agencies using the VIV conduct
the distress identification at warkstations following the condition rating procedures adopted by the
state. - This may includé recording the type, severity, and extent of distress in & portion of each lane
mile of pavement, or it could involve a more subjective rating of overall condition based on the types
of distress present. Figure 4 illusirates the PaveTech workstations where the distre. - interpretation is
conducled.

Figure 3. Video Inspection Van
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Figure 4. Distress Identification Workstation’
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Each agency must evaluate its nceds in determining the type of condition asscssment required to
make rchabilitation decisions, and the frequency with which the pavements should be reinspected.
Most state agencics inspect at least half of their highway network cach ycar. Smaller agencics, such
as small cities, countics, and airports, rcinspect on a 3-year cycle. Sumce agencics may choose to
survey 1/3 of their retwork each year in order to better batance the usc of its resources. An agency
which is expcriencing fairly rapid deterioration rates may clect to survey its pavements more
frequently than the average organization. The agency must carefully evaluale its own circumslances
1o ensure that the data collection aspects of their pavement management system match their needs,
rather than falling into the trap of collecting data for the sake of collecting as much as possibie. 1tis
far more cost-cfTective to carefully collect data which is uscful than (o colicel a lot of useless
information. #

A number of faclors must be taken into consideration when deciding the tvpes of condition
information to collect. As an example, deflection data, used to assess the structoral integrity of a
road, are more costly to collect than surface distress data and may require the closing of a pavement
lanc to traffic or some other form of diverting traffic. The analysis of the deflection data also requires
very detailed information about the pavement structure. If this specific type of information is not
available, it makes litle scnse to cotlect the deficetion data. Aliernatively, if the structure data is
available, network-level deflection testing is feasible, but the agency must compare the benefits
provided to the cost of the data collection process.

Most agencies in the United States are finding that the most cost-clTective methods of data collection
include the use of automated equipment, as discussed carlier. This is true because the data collection
can be conducted at traffic speeds and a: least three lypes of data are collected automatically; rutting,
roughness, and faulting. In some cascs, distress quantities are also measured automatically. but this
techniology is not considered reliable at this point in time. Even if the distress data arc not recorded
automatically, the interpretation of distress data from video can be donc efficiently from an office
location, greatly reducing the amount of time agency versonnel spend on the pavements and thereby

improving the safety of the rating crew. mﬁ (;.E’-) é%%f

hesis 203 (4Endica(cs that most

cnties in the United States are currently collecting distress and roughness information as part of
their PMS] IMany agencies also collcct friction data, bul do not incorporalc the information into their
PMS decisions. Instead, friction data is vsed for other programs such as wet weather accident
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reduction progrnmsil /\pproximmclyEmlforlhc agencies in the United States reported that they only

collect ngoul as partof their project-level dcs',&,i rather than at lhc network level as
part ol’(hc overall planning and progmmmmg purpoccs:l

Distress

The most common mcthod of cvaluating pavement condition is based on the presence of distress in
the pavement surface. The prescnce of distress provides an indication to the agency of the amount of
deterioration present in onc or more of the pavement layers that has been caused by the cumulative
effeets of traflic, environment, and aging (3). The type, severity, and extent of the distress present
provides an indication of the ability of the pavement to adequately provide a means for transporting -
goods, scrvices, or pcaple. Although there is no single approach used to evaluate pavement distress,
most agencies measure three catcgories of distress as part of their condition assessment procedures:
cracking, surface detcrioration, and distortion. The most common distress types included in
condition assessment procedures are listed below (4):
AC v ° Asphalt concrete pavément: longitudinal, transverse, alligator, block, and reflection
cracking; potholes; rutting; bleeding; ravcling/weathering; lane-shoulder separation;
- patch/patch deterioration; shoving; and polished aggregate.

JRep e Jointed concrete pavement: longitudinal, transverse, and durability cracking; #§2%¢ 3 {gé

faulting of transverse joints; blowups; corner breaks; joint seal damage; fongitodinal
and transverse joint spalling; joint load deterioration; map cracking and/or scaling;
popouts; patching; lanc-shoulder separation; water bleeding; and subgrade pumping.

cReb [V Continuously reinforted pavement: tongitudinal, transverse, and durability cracking;

Bl f
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map cracking and/or scaling; popouts; blowups; punchouts; patching; spalling of '@ ‘g
longitudinal joints; lanc-shoulder separation; water biceding; and subgrade pumping.

The distress data are used by agencics in a number of difTerent ways. Approximately 41% of the

state agencics responding to the questionnaire included in NCHRP Synthesis 203 stated that they use
the distress data to generate a distress index. Of the remaining agencics, 22% use the information to
calculate a Present Serviceability Index (PSI) or Present Serviceability Rating (PSR), 19% gencrate a

E~—priorily rating, and !8% gencrate indices 11 some other manner. The majority of agencics that

develop a distress index or rating use formulas to calculate the rating (36%). Other approaches
include deduct paints (20%). weighting factors (18%), or another approach.

Scveral agencics also combine the distress indices, or ratings, with other indices as part of the PMS
process. A total of 32% of the agencics responding to the questionnaire incloded in NCHRP
Synthesis 203 combinc the distress ratings with roughness, 10% combine distress with roughness and
friction, 15% combine distress with roughncss and structural number (or structural data), and 11%
combine distress with roughness and average daily traffic. Approximately 32% do not combine the
distress index with any other data for pavement management purposes.

Roughness

The numbers in the preceding paragraph emphasize the importance of roughness as a form of

assessing pavement condition, at lcast lo stale agencies in the United States. Roughness, or ride ,3§”E
guality ratings, are perhaps the oldest form of evaluating the ability of a pavement surface to

adcquately serve the nceds of the traveling public. Very simply, roughness indices represent the
subjective ratings that would be assigned (o a pavement by the uscrs of the roadway. In the last 10

years. substantial progress has been made in standardizing the types of ratings used to indicate a

* measure of roughness. Through work conducted by the World Bank, the International Roughness

Indcx (IRF) has become the standard methad of reporting roughness among highway agencies.

At the samc time that the JRI was developed as a slnndnrd.Ehc World Bank devcloped four classes to
categorize the types of cquipment used o meastre roughness and the ability of cach class to measure
fR1 prcciscl)j The four classes arc described below(4):
Bwatim
Class | Precision profiles. In a Class [ survey, the longitudinal profile of the
wheelpath is measured manually using a rod and level. The Transportation

ST



Road Rescarch Laboratory (TRRL) Beam, Face Dipstick, and similar high-
precision devices are examples of this class of cquipment. The measurcd
profilc is used as_a basis for calculating the IRI. A Class | survey provides the
highest level orpmmsmn and mpcalablluly !
FerinriBis

Class 11 ther profilometer methods. Ina Class 11 survey, the profile of one or both
wheelpaths is measured using cither contact or non-contact profilometers that
have been calibrated on scctions with profiles determined from a Class |
survey. This equipment uses lasers, light beams, and acoustics (o obtain profile
information. .The Sou(h Dakota Profiler is an example of a Class I device.

_ e % R K1Y

Class I - IRI cstimates from correlation equations. A Class Il survey is performed
using a responsc lype road roughness measuring system (RTRRMS) or other
type of roughness device, such as s rolling straightedge. The measures from
these devices must be correlated with IRJ using equations developed
expetimentally for cach device. The equipment used ina Class U survey must
be calibrated to sections whose profiles have been determined from a Class I or
Class 11 survey.

BRI A g0 1E
Class IV ubjective ratings and uncalibrated measures, Class IV surveys use
subjective evaluations of the roadway that are produced by cither riding over
the section or by conducting a visual inspection. These cvaluations are then
roughly correlated with TRI throughout the usc of roadway descriptions for
various IRI valucs. These surveys are considered to be “calibration by
description.” An uncalibrated RTRRMS may also be used.

In the United States, the most commonly used cquipment for measuring roughness is the South
Dakota Profiler, which is 8 Class 1l device. Many state highway agencics are still using Class Hi
devices, but plan on upgrading to a Class i1l device in the near future,

Uses of Condition Data

The primary reason for collecling pavement condition information is to provide the agency with the
information needed to determine the pavement’s ability to continue to serve the traveling public. The
development of ratings that summarize the condition level for each type of condition assessment
helps the agency compare pavement sections from various locations in an objective fashion and
identify the most appropriate treatment to address the deficiencies. It allows the agency to compare
and prioritize rehabilitation nceds for various sections and determine the performance trends of each
type of pavement in the system. Each of these functions is an important component of a fully
functional PMS.

State highway agencics vary in their opinions of the best way (o use the condition information that
has been collected for the PMS, Most agencies have established indices for reporting roughness and
skid information. Rutting data may be reported separalely or may be incorporated into a distress
index of some type. Two predominant approaches are common for the use of distress data from the
distress survey. These approaches typically take one of the following forms:

i‘ . A distress index that incorporales all distress types, or ‘ wR Z[Eﬁrhé%ré iuléﬁ
S ararfith)

@ Individual distress thresholds for cach distress type in the survey.

Each approach has advantages and disadvantages associated with it. The usc of a distress index
permits an agency 10 usc one number to represent the combination of distress types, severitics, and
quantitics present in a pavement scction. The number is typically determined by accumulating
deduct points for each distress type/severity combination present and subtracting the total number of
deducts from the highest rating. This number can be used at a nctwork level to trigger rehabilitation,
identify the level of rehabilitation necessary, and estimate the cost of necessary rehabilitation. It can
also be used to model the deterioration trends of that type of pavemcnt so that future conditions can
be forccasted. The best deterioration models are developed from a distress rating procedure that is
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fairly objective and repeatable so that varmllon in ratings between raters and between ycar: is

.mmunmcd

Somc agcnéics ‘elect (o use individual distresses to trigger the type and tinving of rehabilitation
necessary for their pavement network, Most agencies that use individual distresscs make use of
decision (rees that identify treatment options for various levcls of cach lype of distress. An example
of this approach is shown in figure 5. In most instances where this approach is used, rules are
established so that the highest lcvel of treatment identified {or 8 section is selected in a section where
multiple distresses are present. The difficuity with this approach is that in order o l‘orécas_t future

-rchabilitation needs. prediction models must be developed for each type of distress so that Tuture

distress quantities can be estimated and future rehabilitation needs can be triggered. 1t is difficult to
assess overall network condition with this approach, so many agencics report overall hetwork
condition through a composite index that incorporates distress and roughness.

Distress Severity Extent
Type :
T Do Nothing
M Do Nothing
H Surface Coat .
L .
Alligator L] Patching
Cracking M Overlay
H Rebuild
L
L Patching
M Rebuild
H Rebuild

RIELEITE 358

Figure 5. Decision Tree for Individual Distress
— e

If a composite index is used to determine the overall condition of a network, the spproach uscd to
determinc it depends on the way distress data arc used. Typically, it takes the form of an equation
that provides weights to the distresses (or distress index) and the IRI obtained from the roughness
cvaluation. In agencics where a composite index is used, the major usc of the index is to select the
most appropriatc maintenance and rchabilitation action for each pavement section. Other agencies
usc the composite index for establishirig prioritics among pavemcnt scctions, estimating the
remaining life of the pavement section, or estimating the cost of appropriatc rehabilitation actions.

The important issuc for cach agency to consider is how the condition data collected will provide the
most benefil to the agency. Because so many of the rccommendations made by the PMS are based on
the condition data, it is important that the dala collected provide the Jevel of accuracy needed. On the
other hand, because the collcction of condition data is the most expensive portion of maintaining the
PMS, the agency must ensure that the cost of collecting lhc information docs not excced the
resources or capabilitics of the agency stafT.

2.5 Database

—_—

The pavement condition 2nd inventory data are of little valuc to an agency il the information is not
organized and stored in a compulerized databasc so that everyone needing the infonnation can have



access to it. Very large agencices, such as state highway agencics, often storc pavemeni dataon a
mainframe computer and download the data'to a personal computer for analysis. Smaller
organizations, such as ¢ities, countics, and airports, typically store data on a pcrsqnnl computer. In
these circumstances, the pavement management databasc may be the only centralized source of
pavement-related data concerning the agencics pavements. Ageacies have found the establishment of
the pavement management databasc to be an important part of an implementation project because
once the database is established, the information is availablc to anyonc within the organization and is
not dependent on the memory of agency personnel. |

In many instances, database issues have caused fremendous problems for the agencies implementing
PMS programs. These problems arc most ofien cavsed by individval departments that have set up
departmental databases with duplicate information, created separate referencing systems to identify

" pavement locations, or refused to cooperale in sharing information with othcrs.

Database Contont and Structire
o et LS SN

The types of information storcd in a PMS database vary dramaticailly depending on the level of
sophistication uscd in making pavement rehabilitation decisions, the resources available, and the
anticipated use of the pavement data. Independent of the size of the PMS database, it is cxtremely
important that the data stored be reliable and readily accessible to the users. 1t has been said that
although poor decisions can be based on good information, it is extremely difficult to make good
decisions without good information (5). Each agency must assess its nceds from the database in
order 10 clearly define the types of data that must be stored in it. An overview of the types of
decisions that can be supported with a PMS dalabase are lisled in Table |,

ax Table i. Decisions Supported By a PMS Dalabasc

P'roject Level Management Network Level Management

Planning Planning
Design Programming
Construction Policies
| Maintenance Standards
[ Rehabilitation Procedures

Specifications
Special Studies
Research

Performance Measurement

Defore an agency can determine the types of data to storc in the dalabasc, the agency must evaluate
what types of decisions will be made using the information from the PMS database. After Ui types
of decisions have been identified, the agency must then ask itself what information is required to
make those decisions. Only afer cach of these questions has been carcfully evaluated can the agency
dciermine what information should be contained in the databasc. Due to the size of stale highway
agencices, the PMS databases often contain data that have been pulled from other mainframe sources.
Data typically incorporated info the PMS database include the following elements.

° Inventory data, including location information, specific classifications associated
with the roadway, length and width data, surface type, and other similar information.

@ Geomcltric data, including number of lances, shoulder information, terrain, and other
rclated information.

° Traffic data, including average daily wraffic (ADT) and pércent trucks.

*  Construction/maintenance histories, including last constriction dates, layer
thickness, rchabilitation and mainienance actions apphcd since construction, and
treatment matcerials and costs.

o Condition information, including distress, roughness, rumng skid, and structural test
results and any calculated condition indices.

The most common type of database for PMS purposes is the relational database which stores
information in a scrics of tables. Each of the tables is used for different types of data, such as
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jocation refcrencing, inventory data, condilion data, construction and maintenance historics, and so
on. Each tablc is connccted by some form of a common clement, typically a section identification of
some type. The relational databasc is gencrally more versa'ile than the hierarchical databasc that -

" requires a uscr to access data through each level of information higher than it. In a hierarchical
database, to access condition information, the user must first access Lhe location referencing data and
any other data stored at a higher level in the hicrarchy than condition data through a slow step-by-
step process (6). Large mainframe databascs used in state highway agencics are oflen hicrarchical,
whereas most PMS programs designed in Windows use relational databases,

In order (or the data to be stored in a database, an approach for dividing the nctwork into sections for
reporting purposes must be developed. Onc of the most traditional approaches is to use a link-node

approach for scclioning.the pavement nctwork into homogeneous units, basing section definitions on

lengths of road tetween one intersection (or other prominent feature) and another. These uniform
scctions are typically based on similar surface types, design approaches, and construction his{ories.
The size of the sections varies depending on the changes that occur along the length of a roadway,
but arc generally accepted as the length that would be repaired should rehabilitation funding be
available. This prcvents an agency from having a number of small sections that have be to be tied
together for projects, or too many long sections that have (o be broken up in order to be ablc to afford
the project. Most data in the database are linked to these unifor sections.

The sccond approach to sectioning involves referencing the data in the database to the field location.

so that data can be linked to a ficld location. The most flexible approaches, which use the concept of

dynamic scgmcentation, storc each type of data according to the method that was used to collect.it. In
ather words, if roughncss data is collected every 1/10th of a mile, and trafTic is coilceted between
interseclions, cach of these types of data is stored in the database in that fashion. Dynamic
segmentation is a process that allows the data collected in one fashion tc be cross-referenced fo other

data collected in a different fashion. In the example discussed above, roughness data and trafTic data

can be summarized into related sections automatically through the process of dynamic segmentation.
it prevents the agency from having to perform the integration of data by hand prior tc entering the
information inte the PMS database. To use dynamic scgmentalion, the agency must have a solid
referencing system in place se that all dala can be referenced to other data by the computer, even if
the data were collected on a different basis. Many statc highway agencics are finding that the most
uscful databases have this ability to dynamically establish scction limits that may vary depending on
they type of information being displayed.
Trigore 6 i B AR .
Figure 6 illustrates the concepts of dynamic scgmentation. In this example, three types of data are
collected: traffic, construction history, and condition. TralTic is coliected on a route-by-route basis,
with traffic segments linked closcly to intersections with other roadways] The construction
information is bascd on historical records that are ticd to the original construction of the roadway and
the subsequent rchabilitation of the roadway since the original construction. The final type of
example, condition information, is assessed in the first 500 feet of cach milce.

Traffic A Traffic B Tralfic C
Traffic . IL ‘l ‘}
. Conslruction A
Construction
Condition Segment A Condition Segment B
500 ft 500 ft
Condition | !; l‘

Figure 6. lilustration of Dynamic Scgmentation
—t "
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In a database without dynamic segmentation, in order to enter the three types of information into 8
database, the agency would manually process the data lo match the condition segment lengths,

.assuming that they define the scetion lengths in'the dalnbase The construction data is casy o
* process since identical records exist for both Condition Segment A and Condition Segment B, The

agency would have to develop a proccdure o assign the correct traffic informalion to Condition
Scgments A and B, This proccdure may include averaging TrafTic A and Traffic B data for Condition
Scgment A, or Traffic B and TrafTic C dala for Condition Scgment B. Alternatively, it may mcan
producing a weighled average to determine the appropriate traffic levels for cach of the two condition
segments. In a databasc thet features dynamic segmentation, this process is done automatically.

Importance of Data in @' PMS

The inventory and condition data are used in a number of different ways by the agency through its
PMS. Understanding the ways the data are used helps provide some guidance regarding the level of
accuracy requircd for the data, as well as the level of sophistication necded. For example, an agency
interested in estimating maintenance requirements from its condition survey data would not be
prudent in sclecting a survey approach that incorporates a subiective | to 5 cstimate of pavement
condition because no distress quantities can be estimated.

There arc five primary types of analysis that arc influenced by the form of data collection and
manipulation undertaken as part of the nctwork inventory or condition assessment. These arcas arc

isted below and dlscusscd in the following paragraphs,

+  Terformance modeling (e ;
> Project and treatment sclection { IH)
¢ Network trade-off and impact analysis Ryl ?z'iﬁ_ S — [STRES %g ?

. Maintenance program development
«  Design input (4ve oiF @ﬁ AN S L O Tput ) .

Performance modeling is an excellent example of the way dala influcnces the ability of the PMS to
accurately forccast the appropriate timing for rehabilitation and the cost-cfectivencess of the various
allernatives. Agencies that use subjective windshicld surveys to estimate an overall condition index

“will most likely have a great deal of variation in the reliability and repeatability between raters and

survey ycars. This variability will be reflected in the performance models in terms of forecasting
accuracy and the level of sophistication possible in developing.the madels.

If a morc objective condition survey is used, there is generally more reliabitity in the ratings and less
varialion between raters and survey years. More sophisticated modceling techniques can be used to
develop the performance modcels with greater reliability than in the previous example. Agencies
using objective condition surveys often group similar types of pavements into categories known as
families and plot cvery condition rating obtained from the survey against the estimated or known age
of the pavement. Statistical programs are used o obtain the best fit curve through the data points so
that regression cquations can be developed. Generally, a number of family models are developed for
cach agency, basced on geographic conditions, trafTic levels, surface types, and design approaches.,

Some agencies usc somewhat objective techniques to éstimate distress quantities and develop
condition indices for cach type of distress present, in addition to the composite index calculation.
Even more sophisticaled performance models can be generated from this approach through the
development of prediction models for each of the individual distress types. Using this approach,
rehabilitation actions would be triggered based on the predicted amounis b{ individual distresses

- present. Although this approach is very sophisticated in terms of predicting specific distress patterns,

it is difficult to prioritize projects because it requires the ranking of projects triggered by diffcrent
types of distress mechanisms,

Somc of the samc issues arise when evaluating the project prioritization and treatment selcction
options that arc available. In this arca, the approaches range from present treatments appliced at
certain time intervals to prioritization models based on a benefit analysis 1o optimization packages
that first solve {or agency goals and then find projects to meet the selected objectives. Once again,
depending on the types of information available in the databasc, this process can be very simple or
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- fairly sophisticated. Many agencics use a forccasted pavement composite condition index as the first

criterion for identifying the level of rehabilitation necessary for a scgment. Beyond that, checks are
made to identify the type of treatment required based on factors such s traffic-levels, type of
deterioration present, whether the pavement micets standards, and other similar critefis. Trade-offs
between projccls and treatinents most often take the forn of a benefit analysis, using life-cycle costs,
additiona! life, or number of vehicle miles traveled on poor pavements as components of the analysis.
The objective is to select the projects that provide the most cost-cfTective overall package within any
constraints established by the agency.

With more sophisticated optimization packages, a different type of analysis can be performed. These
systems, which require very sophisticatcd computers, evaluale trade-ofTs betwieen different agency
goals first. For example, the program would analyze whether an agency would be better off
addressing scveral large, less expensive projects, or a number of smaller, more expensive projects.
Having decided which approach best meets agency ob;ccuvcs prOJcck and treatments are &hcn .
selccted that meet the program goals.

Many agencies look to their PMS 10 assist in planning maintcnance activitics for projects not
expected to receive rchabilitation, To provide this service, the datahase must contain some form of
distress extent so that estimated repair quantitics can be generated. The most valuable maintenance
programs are based on distress surveys that identify distress types and estimate or measure extent. If
this type ol information is present, the agency can then develop maintenance policies that identify
maintenance activitics that should be applicd which certain distress types are present. For example, if

longitudinal ‘and transverse cracking quantities arc estimated, the amounl ofrrack scaling required in °

a scection can also be estimated.”

The PMS databasc can also be expanded to include various data clements that are not necessarily
used for project sclection but may prove to be valuable information (or rehabilitation design. By
having the information stored in a centralized localion, design information becomes more aceessible
to a number of people. The database could include design and construction records, maintenance
histories, nondestructive and destructive test results, traffic levels, and other geometric and physical
prapertics. The usc of the PMS database to store thesc types of data is not required, but helps
facilitate a belter feedback of information between design and PMS parameters. This link between
PMS planning functions and design is becoming more important to agencies as their staffing levels
are rcduccd and shared resources become more important.

SAiaEd
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There arc two other arcas of importance concerning databasc issues: data integrity and database
maintenance. There are scveral components of data integrity that must be preserved so that system
recommendations produce viable results. For one thing, it is important that cach data element is
correctly linked to the section it belongs to. In addition, the data should be as accurate as possible
and truly represent the conditions in the ficld. It should also be secured by appropriately assigning
access levels, thereby protecting the databasc from accidental or intentional tampering by other
individuals.

It is also critical that the database be maintained over time. The recommendations of the system are
only as good as the data contained in the databasc, so outdated data will produce unreliable
recommendations. Processes must be established to ensure that new condition data are added to the
databasc in a timely fashion (at a minimum cvery 3 years), performance models are updated aRer
each survey, construction and rehabilitation records are entered. and other changes to a scction are
stored. Cost data used to prepare budget estimates and repair types and philosophics should also be
reviewed at least annually to ensure that they continue to be representative of actual conditions. Iff
these processes are put in place and become integrated into the organization, the PMS will remain g
valuabln tool for an organization.

2.6 Model Dcvelopmcm

The heart of a pavement management system is the data analysis portion of the program. It is here

. that potential rehabilitation nccds are evaluated and prioritized for planning and scheduling budget

needs over a multi-year period. A typical analysis that is conducted at 2 network level considers the



cntire pavement network, The objective is to evaluste rehabilitation needs over a future time period,

and prioritize project lists so that the agency makes the best use of the limited funds available (o it for °

rehab’litation work. The bencfit of 8 pavement management system is' most obvigus for agencics in
which anticipated funding levels do ot match anticipated needs. The PMS assists in these situations
by identifying the most cost-cfTective long-term strategics for given levels of funding, and
demonstrating their impact on overall network condition. By comparing the impacts of diffcrent
combinations of project and treatment strategies, the agency can evaluate the best solution for its
agency objeclives.

As with the data collection component, the level of sophistication required for data analysis should be
taitorcd to meet the necds of cach agency implementing a pavement management system. The
agency should be involved in the development of the analytical portion of the software 5o it is
familiar with, and understands, the analysis bcing pcrfqrmcd.

26.1 legz[qnngugg Mgdgligg' U’*“W\ « g1 ?)

The first step in analyzing the data involves the preparation of performance models which represent
the deterioration patlems of the pavement netwark so that future condition levels can be forecasted.
Pavement performance models are an importany part of the analysis of data within a PMS in order to
perform the (ollowing aclivities (7).

e Predict future pavement condition.
»  Analyze pavement life cycle costs. ( &R13 0 }5 X 2t )i

=

»  Estimate the type and timing of pavement maintenance and rchabilitation needs. (%%ﬁg%ﬁ Eﬂ\ﬁ

o Develop a feedback loop with the pavement design process. (

IR R )

There are many different ways of developing pavement performance models. An agency should
understand the type of performance model being used within its pavement management software,
both in terms of its fimitations and appropriate uses. The agency should also understand the data that
arc needed to support the model. The reliability of the deterioration models used in a PMS is directly
related to the quality of the data used for model development. 1t is extremely important, thetefore, to
develop a reliable database that contains information indicative of the network the modcls represent.
Ideally, the database would contain enough data to satisfy all statistical requirements for developing
deterioration modcls, but in the real world this level of data is oficn not available.

A study performed by Dr. Michacl Darter (8) lists scveral other requirements to help ensvre the
reliability of the performance models. These include the following considcrations.

. The model must include all variables that significantly influence pavement
performance over time. [T not, the limitations of the models should be identified.

- The functional form of the model should represent the existing physical situation as
closely as possiblc. This helps to ensure that the appropriate variable relationships
arc considered.

° The model should have rcasonable Icvels of precision.

Deterioratign modcls use pavement condition as onc of the most important variables. In pavement
management, pavement condition can be represented by measured distress quantities, a subjeclive
rating, 2 condition index, ar a measure of reliability (9). The condition of a pavement is strongly
influenced by factors such as environment, traffic levels, initial design, and maintcnance practices so
these factors should be taken into account in the dcvclopmcnl ofdc(erlorallon modecis as much as
possiblec. . - :
Bascd on how the performance models are developed, they can be broken down into two broad
calegories: deterministic and probabilistic (7). Dcterministic models predict the sversge value of a
dependent variable (such as the remaining life of a pavement or its level of distress). Most
deterministic models used in pavement management arc bascd on regression analysis. Deterministic
performance models are the most common approach used to develop performance models for
pavement management purposes.
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Probabilistic models predict a range (or distsibution) of values for a dependent variable. Most
praobabilistic models used in pavement managément are based or Markovian theory. -Probabilistic *
performance modcels arc not.typically used by agcnucs for pavement mnnagcmcn( unlcss lhc data arc
analyzed using optimization techniques.”

Performance models can also be classificd as mechanistic, empirical, or mechanistic-empirical,
depending on their formulation and whether mechanistic variables are used in the modc!. ‘Empirical
models are based upon results of experiments or experience. Mechanistic models are based on
fundamental principles of pavement behavior under load. Empirical-mechanistic models mcorpora(c
clements of both approaches. (7) -

Deterininistic Models(7)

The deterministic model types may be cither empirical or mechanistic gmpiri'cal corrclations which
are typically calibrated using regression techniques. Regression is a statistical tool that is used to
relate two or more variables in a mathematical equation. In 3 pavement performance modcl,-
condition is modeled as a function of variables, such as pavement agg, traffic, environment, pavement
construction and characteristics. and maintenance and rehabilitation actions. The functional form is
often based on an S-shaped deterioration curve. ‘

The variable being predicted is often designated as y and the variable uscd to predict y is designated
as x. Thus, y is termed the dependent variable and x is the independent variable. The best
relationship to use 1o predict some y from x is one that minimizes the differences between the
regression line (or curvie) and the actual data. ) )

The form of a regression equation is:

y=bot by(x) + b () + Bi() + ..
where, y = predicled value

x = independent variable

b = regression constants

+b.(x")

The simplest form of regression is lincar regression, which is given by the equation:

= by+ bi(x)

where. y = predicted value
x = independent variable
b = regression constants

This regression represents a straight line. Higher order (polynomial) regressions yietd curvilincar
relationships between the independent and dependent variables. In PMS applications, these models
arc constrained to be ever decreasing if the independent variable is age and the dependent variable is

condition (in other words, condition is not permitted to increase with age). An example of two types -

of regression models is shown in the following figure.

Linear

‘\ / Regression

Condition ~..

Time
Figure 7. Types of Regression Models
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Single variable regression models are casy to develop and understand. However, their accuracy can
be limited duc to the unrealistic expectation that a single variable (pavement age) can bc used to-

prcdn.l nnothcr smglc vanablc (pavcmcn( condmon)

it is possible to mcorpora(c more lhan onc mdcpcndcnt variable into the analysis. This is called
multiple regression. Some of the independent variables in the prediction cquation could include

traffic; structural capacity, and climate. These models tend 1o become very complicated and usually

require complex and comprchensive data.

Probabilistic Models

Probabilistic type models have most oflen been based on Markovian theory. Markovian theory is
founded on the assumption that the probability something will change from onc condition state to
another is only deperident on its current state. In a pavement management application, this
assumption means that a pavement segment’s currcn_( condition is only dependent on its preceding
prior condition and that the next year condition of & pavement segment is dependent only on its
current year condition. For cach given condition state, estimates arc developed to predict what
percentage of the pavement scctions in that state will a) stay in the same condition or b) move to

another condition state. Table 2 illustratcs the use of Markov transilion probabilities.

Table 2. Sample Markov Transition Probability Matrix 48 %3$49€ ﬁsg Y~ R~ 2En
State 1 Statc 2 _ Statc 3 State 4 Stalc § Bete
(81-100) (61-80) (41-60) (21-40) (0-20)
State | 0.9 0.1
(81-100) LE?;V\W Bl State
State 2 m% 0.65 01
(61-80) dStatez 1WEY
State 3 Sroted 0.05 0.5 035 0.1
(41-60) .
Statc 4 0.05 0.75 0.20
(21-40) )
State § 0.05 0.95
(0-20) : B

The advantage of Markov-based models is that they recognize and accommodate uncertainty. In
addition, they can incorporate the experience of an agency and can be used in situations where there
is no historical database available. After time, as ficld data become available, these modcls can be
further calibrated.

However, Markov models depend only on the present state (in the case of PMS, present condition) in
predicting the futurc state (predicted condition) and various studics have shown that other variables
such as loading and age of pavement are also significant in predicting a pavement's future state (7).
Markov-based models also assume that transition probabilitics arc constant over time. Since traffic
loads gencrally increase over (ime and maintenance methods also vary over time, this may be
unrealistic. This disadvantage can be addressed by assuming that the process is only stationary
during piccewise increments of time. If this is donc, it is called a Scmi-Markov model.

Individual Segment Models and Family Model.r O dota er @

An agency may usc individual segment models or family models within its PMS. An individual
segment modcl uscs historical data from that particvlar picce of pavement to develop a performance
model. Constraints are normally applied to the resulting equation to prohibit the modet from
showing periodic increases in pavement condition with age thal could occur from the periodic
applicalion of maintenance.

it

i
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One limitation of segment-specific performance models is that they require two data points to
develop a straight-line deterioration mode! and three data points to develop a curvilinear model.
However, agencies that usc scgment-specific performance models-do have options availablc to them
during the period when they do not have enough years of historical condition data svailable. They
can choosc to usc a default curve for the appropriate type of pavement and geographic locauon or
they can fit a default curve through the fast condition versus age point available.

Family performance modcls involve grouping pavement segments that are anticipated to perform in a
similar manner together into “familics.” An example of 2 pavement family would be asphalt '
pavements that have not been overlaid, are built over a granular base, and serve 25 to 50 equivalent
single axle loads (ESALs) a day. The age versus condition data points for a given family arc then
plotted and a regression modei is developed to fit those points and determine the standard family
curve. Alternatively, the delerioration trends for each pavement section within a family are plotted
over time. Regression techniques are again used o determine the overall deterioration rate for the
family (10). This approach was recently used to model pavement deterioration for the Iilinois

highway system. An example of a resulting model from Ilinois is shown in figure 8.

Figure 8. Samplc regression model developed for the Illinois Department of Transportation (10)

The PMS then uses the individual segment’s condition versus age point relative to the standard curve
to predicl future condition. The family curve is adjusted to account for the individual segment
performance which will be worse or better than the standard family curve would indicate. Family
modcls require only one inspection data point. That is because family models use data from
scgments that arc anticipated to deteriorale in a similar manner.
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Expert Mndclr i

In some cases, lnulc data exist in the da(nbasc o support thé dcvclopmcn( of historical deterioration
modcls. In this situation; expert modcls may be developed based solely on the input of experienced
enginecrs and maintenance personnel familiar with the deterioration patterns of different pavement
types. Most agencics using this approach rely heavily on the expert opinions initially, but rely more
on historical information as that dala become available. For cxample, an agency may rely 100% on
expert opinions initially for modeling deterioration. As an historical database is developed the next
time condition surveys are conducted, the deterioration model may rely 50% on experf opinion and
50% on historical data. Afler the next survey cycle, the agency may choose to exclude the expert
opinion and rely entircly on the historical data. '

Regression Models Supplemented With Expert Opinion

The North Dakota Department of Transportation used regression models supplemented with expert
opinion for the development of its deterioration models (11). Where data were available to support
the development of regression models, the Department relied entirely on historical data. Howcver,
there were several distinct instances where expert opinions were needed lo supplement the existing
data. Examples of instances in which expert opinion were necded include the following.
. Cases in which gaps occurred in the data, so the dclcrlorallon trend could not be
modeled.
«  Cases in which new conslrucllon (cchmqucs had been uscd so that no historical data
existed. :
e Cases in which pavements were not permitted to dclcnoralc betow a certain
condition level, so that deterioration trends werc heavily mﬂumccd by maintenance
ceffects.

Updating Performance Models

Regardless of the type of performance model used within an agency's PMS, the models themselves
should be periodically reviewcd and refined. Performance models directly impact the year a
pavement scgment is selected for repair. The impact of poor performance models on the reliability of
the pavement management software analysis depends partially upon the current condition fevet of the
pavement segment in question, For example, if the segment is already in very poor condition it will
probably be triggered for repair within the next year or two regardiess of whether the performance
model is accurate. However, if a segment is in very good condition right noiv a poor performance
modcl could over or under predict the need for repairs by several years. Therefore, it is important to
periodically review the accuracy of the performance models and determine over what prediction
range they can be used reliably.

Performance maodels can be continually improved as the historic database of performance data grows
overlime. It may be nceessary during the carly years of using a PMS, before a substantial historic
database has been cstablished, to supplement the existing data with expeit opinion to obtain reliable
performance models. As time goes by, however, and morc performance data become available, the
reliance on expert opinion should become less and less. The specific procedure used to madify the
performance modcls is highly dependent upon the pavement management sofiware being opcerated.

rofi I {d Vi 1

The second step which must be undertaken before the analysis can proceed is to define the rules for
determining the types of projects that should be identified and the types of treatments most suitable
for addressing the deficiencies identified during the condition assessment. Ideally, the rules should
be reficctive of the agency's policics and practices so that the project recommendations match the
overall objectives and prioritics of the agency.” For example, a rule may state that preventive

maintenance activities are performed on pavement sections with a condition index between 80 to 100,

Minor rehabilitation may be considered for pavements with a condition between 65 and 80. and so
on. Within each ol these repair calegories. specilic treatments may be considered such as crack

Condition

sealing, joint filling, patching, or spall repair as types of preventive maintenance. The assignment of -

the appropriate maintenance activity would most fikely be dcpcndcnt on the pavcmcn! surface type |
and.the distress ldcnllﬁcd as part ol a condilion survey.

In sitwations where a condition range is used to define the feasibility of a treatment or rehabilitation
strategy, there are normally a number of years in which each pavement section is in cach condilion
category. This is illustrated in figure 9 which shows three possible timings for a minor rchablluanon
strategy to be applied to a particular pavement section.

Trigger Point for .

g .
Minor Rehabilitations Himing Options

Trigger Point for Ma_)or
Rehabilitation

Age

Figure 9. Sample Timing Options for Minor Rehabilitation (12)

For each treatment included in the analysis, whether it is a category of repair such as minor
rehabilitation, or a specific type of treatment such as a structural overlay, the rules must define the
criteria under which the treatment should be considered feasible.

The strategy development process must also include the identification of unit costs for cach of the .
feasible maintenance and rehabilitation treatments being considered, whether in terms of initial cost
or life-cycle cost. The inclusion of agency specific costs is important so that the cost of each possible
project can be analyzed and programs can be developed for the anticipated funding levels.

The analysis of the effectiveness of cach option requires that the expected performance of each
treatment also be considered. For this reason, a performance component must be defined so that the
anticipated lifc of cach treatment can be estimated. These estimates of future condition (rends may be
based on the performance models aiready developed by the agency, or on scparate models developed
specifically for this application. In some agencies, where new treatments arce considered in the PMS,
cxpert models must be developed to reflect expected performance since no historical data exists when

atreatment is Mirst being used.
7~ R EE RS R

Single and _ Strategies (12)

There arc two primary approaches used to develop treatment strategies; single treatment strategy
approaches and multiple treatment strategy approaches, Single strategy approaches consider each
feasible maintenance and rehabilitation strategy separately, although more than one treatment could
be considered feasible for each project. The eflectivencss of each strategy is considercd
independentiy of any other types of treatments that may be applicd in future ycars,

A multiple treatment strategy, on the other hand, typically consists of a series of two or more
treatments over the analysis period. Instcad of considering, for example, the cffectiveness of a in
overlay in years two or three for a particular section, 2 multiple treatment strategy would consider the
thin overlay in years two or theee followed by another thin overlay in years seven or cight. Another

sfratepy for the same section could be a thin overlay in years two or threc followed by a thick overtay -

! in_vcars nin¢ orten.
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Each of these approaches is discussed in more detail in the following sections.

Smgle Treafmem Slralegy A pproaches( 1)

The most common approach to lhc development ofa slralcgy considers one or morc fca5|blc
treatments for each project section. Cach treatment is considered mdcpcndcnlly so that the mast cost-

cffective or beneficial treatment for a section is recommended for implementation.

The first step in the development of a single treatment strategy is to identify the feasiblc maintenance
and rehabilitation treatments (0 be considered in the analysis and the rules that define the conditions

. under whiich the treatments may be applied.- For example, minor rehabilitation may be an appropriate

treatment for a pavement in a condition range of 75-90 (assuming 100 represents an excellent
pavement), while a thin overlay may be considered for pavements with a condition between 65-80
with little, or no, structural deterioration present. Both of these altematives may be considered

feasible for pavement scctions falling between a condition index of 75 and 80.

Once the treatments have been defined, and the rules for applying each treatment established, the
program analyzes the impacts ol cach feasible treatment independently. Depending on the type of
analysis uscd, the treatments may be analyzed in terms of the benefit provided to the agency (or the
cost expended, the cost-cfTectiveness of cach alternative, or in some other way. Regardless, the most
appropriate treatment (or cach pavement section is identified, These treatments are then typically
ranked so that the most beneficial projects arc matched to the available budget levels until the
funding levels are depleted. :

Depending on the type of analysis used, the actual project selection process can be quite complex and
well beyond the scope of this workshop. The point of this scction is simply to illustrate that agencies
using a single treatment strategy may consider several feasible treatments for cach pavement section
in cach year of the analysis. However, each of the treatmenls is considered independently of one
another and independently of other treatments being considered for other sections. In most cases, the
treatment and year that provides the most benefit or cost-cfTéctiveness to an agency is identified as
the most appropriate treatment to apply for the particular pavement section.

Multiple Treatment Strategy Approaches(12)

Agencies that consider a multiple treatment strategy, on the other hand, consider a combination of
treatments for each pavement section in each ycar of the analysis. In this typc of approach, the
agency identifies feasible treatments for the analysis and sets up the same types of rules for applying
the treatments as with the single tecatment stratcgy. The primary difference is that with this
approach, the combination of at least two trcatments in successive years is analyzed, rather than one
treatment indecpendently.

As you can imagine, the number of possible strategies increases dramatically with a multipic
trcatment approach. This is because the number of combinations of treatments can easily multiply.
Using the example presented in the previous section, the minor rchabilitation will still be considered
in each year that the pavement scction candition ranges from 75 to 90. However, a subsequent
treatment may also be added to form the entire strategy for a pavement scction. In this casc, the
subscquent treatment could be additional minor rehabilitation when the pavement again drops to a
condition level of 80, an overfay when the pavement drops to 2 65, or reconstruction af a condition
level of 40. Using this example, the original minor rehabilitation strategy became three multiple
trecatment strategics that must be considered in the analysis. The three strategies must be considered
in cach year that the initial treatment is considered feasible.

Subscquent treatments are used primarily to address the fact that the Tives of most trcatments is
shorter than the analysis period in which these treatments are considered. In most cascs where &
single treatment is considered. the bencfit of an alternative, or the cost-cflectivencss of 3 treatment, is
calculated based on the additional life expected from the application of the trcatment, The use of
subsequent treatments allows you to consider the additional benefit realized by applying the second
treatment, which more closcly represents the analysis period.
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1t should be noted that the subsequent treatment plays an important role In the sclection of projects
and treatments for the multi-year program, Both the timing and type of subsequent treatment are
important for ari sgéncy 10 note because alicring tither could grcnlly impact the benefit or

“effectiveness of the entire strategy. Disregard for the subsequent ircatment recommendaticns could

have a tremendous impact on the effectiveness of the program and the long-term |mpacls on overall
network condition.

Tools Used fo Develop Strategies (12)

In order to develop strategies for the mulu-ycar programs, it is |mpcralnc that the agcncy first
establish a) a list of all treatments that should be considered in the analysis, and b) the set ofrulcc that
determine when cach of the tréatments should be considered feasible. There are a number of tools
that arc uscd by highway agencics {o assist with these activities. These tools include decision trees,
decision matrices, and programmed rules. Each of these tools is discussed further in the follomng
sections.

Decision Tre

Decision trees cstablish the sct of rules for selecting a particular type of treatment through the use of
“branches™ which definc various sets of conditions. The user continues along the branches which
best represent the conditions for the pavement section being analyzed until a particular treatment or
choice of treatments is presented. An example ofa portion of a very simple decision tree is shown
below.

70 or abov Present -
Structural
Asphalt Pavement Overl.ay
69|or below
Furctional
verla
Not Present Overlay
Condition  Structural
Deterioration

/ kk 'Err‘z‘f‘\' §V|$TEW\

Figure 10. Samplc Decision Trec

In most situations, the decision trees arc much more complex than the one illustrated above. The
state of Minnesota uses automated decision trees as one of its stralegy sclection tools that incorporale
factors such as surface type, individual distress types present, and at least two condition ratings. The
decision trees arc detailed cnough to identify one or two feasiblc treatments from a total of 58
possible treatments for cach pavement section.

The development of decision trecs is fairly casy for agencies because they often replicate the thought
process of the manual treatment selection process. The level of detail required for a decision tree,
and the data used to form the branches. must be agency specific in order to be of use.

Although the specific data elements to be used in the decision trees are dependent on the
requirements of the agency, there are some gencral types of data that are normally included in the
development of the decision trees. These include the following:

o Pavement surface type or construction.

° An indication of functional classification and/or traffic.
o At least one type of condition index, including distress andfor roughness.
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o More specific information about the type of delerioration present, either in terms of

Table 4. Example Decision Mateix T
an amount of load-related deterioration or the presence of a particular distress type. ) :

« - Geomelrics, in-ordet to indicate-whether pavement widening or shoulder repair will ¥ Treatment - itted = Surfage
. also be requircd in conjunction with the rehabilitation. : : Componcnts Components
. - T ; - Distress Surface Struct | Ride. ¢
As discussed eatlicr, decision trees are a common too! used for treatment sclection because of the - - Type Cond ') - ) Class. ; _
similarity to the decision process normally used by an agency. This is onc of its primary advantages. . 0-100 Type | 0-54 | 0-5 | Type: |<Re EHC TR
Other advantages include the Nexibility to incorporate change and the case with which the treatment o Thin YL (<=2.5 65-85 AC 15-35 Any Any <=15
selection process can be explained. Decision trees are also relatively simple to program so they can inches) ) C 0
easily be automated and incorporated into a paverncnt management system. a ) : ’ T Thin O (<= 25 70-85 AC 15-30 Any Any . ;g(‘)(')
Co : : C inches ) R -

‘Perhaps the primary disadvantage to the usc of decision trees is the rigidity with which the rules are Thin O/LC(<)= 75 70.85 AC 15-30 Any Any 0-74 >=39’ Any >=
sct. In most cases, decision trees Iead to one or two possible treatments, although other less familiar inches) - B o ) ]-2001
trealments may be viahl_c alternatives. Consideration is nol given to the effectiveness of one - Thin O/L (<= 2.5 65-85 AC 15-25 Any “Any 75-100 | >=27" Any <=75
treatment over another or the benefit of one treatment over another. Rather, because of the existing inches) ' ’ . 0
or forecasted conditions, a set treatment path is followed. Whilc this may be the way busincss is : T ONL (<= 2.5 70-85 AC 15-25 Any Any | 75-160 | >=33’ Any 751-
done in most agencies, it is hard to cvaluate other options that may improve the effectivencss of the . F incl;es) ’ - 2000
decisions made within the organization. Thin O/L (<= 2.5 70-85 AC 15-25 Any Any | 75-100 | >=39" | Any >=

: ' : 2001
Another disadvantage to this approach is that in order to be applicable for multi-year program - inches) <25 >=39° >=
development, cach of the data elements used in the decision tree must be able to be predicted from ) Thin .OIL (<=2 0-99 AC ’ T 2001
the first 'year in the analysis in order to properly represent conditions in future analysis years. This is - inches) ' - - - - i

important becausc some treatments are recommended five years afier the start of the analysis. T
certain criteria arc not forecasted; it is impossible to accurately follow the decision tree paths.

Decision matrices rely on the same types of information used in the development of decision trees,
The particular data elcments to be used are dependent on the unique decision process vses by the
agency developing, the matrices. Howcever, as presented carlier, there are several gencral types o':
data that are normally included in dccision matrices. This information is replicated from the scction
on decision trees.

To itlustrate this point, image a pavement section with a condition rating of 77 with no structural
deterioration showing. As the multi-ycar analysis is conducted, the futurc condition of the pavemenit
section must be projected into cach of the analysis years. I, for example, the presence of structural
deterioration is not also projected, the pavement section will never be considered for a structural
overlay. Instead, it will be triggered for a functional overlay until the predicted condition fails below
the allowable range. Without the projection of structural deterioration, the presence of structural

o Pavement surface type or construction
deterioration can not be identified without conducting another condition survey.

*  Anindication of functional classification and/or traffic

. At least one type of condition index, including distress and/or roughness

° More specific information about the type of deterioration present, :_i(hcr in terms of
an amount of load-related deterioration or the presence of » particular distress type.

«  Geometrics, in order (o indicate whether pavement widening or shoulder repair will
also be required in conjunction with the rehabilitation.

Mavices  {TeF , 90 R TR TTE S

Decision matrices are very similar to decision trees except the information is presented in the form of
a table, oc matrix, rather (han a tree. In most cases, the table is followed from left to right. The far
lefl column normally lists the treatment to be considered and the columns to the right specify the
conditions under which the treatment is recommended. Few matrices resull in more than one
treatment being recommended for a section. An example of a matrix, using the same information
presented under the section on decision trecs, is presented below,

Because of the similaritics between decision trees and decision matrices, the advantages and -
disadvantages arc also similar. In some cases, decision matrices can be more confusing to follow
manually than decision trces because the matrix gencrally starts with'the rehabilitation treatment and
the user must find the eriteria used to select that freatment. A decision tree, on the other hand,

Table 3. Samplc Matrix i generally outlines the specific conditions that must be met so the yser is led to the treatment

recommendation. The decision matrix is probably slightly casier 1o program than the decision tree.
Treatment Type Surface Type Condition Level Structural Deterioration
Functional Ovcrlay Asphalt Concrele Less than or equal to 69 | Not present Rules
Structural Overlay Asphalt Concrete Greater than or cqual to 70 Present

Seme agencies prefer (o establish a fairly simplistic sct of rules that arc followed in order to identify
the preferred treatment type. In general, these rules identify only a few criteria that must be met {o
sciect the preferred treatment. An example of a rule was presented carlier when it was established
that minor rehabilitation is applicd between a condition range of 75-90 and a thin overiay is
recommended for a condition betiveen 65 and 80 when no structural deterioration is present. Itis
fairly simple to transfer rules into either decision matrices or decision trees.

As with decision trees, decision matrices can also become quite complicated. In some cascs, where
there are multiple critcria when a particular treatment is considercd feasible, each i)ar(icular treatment
could have several lines in the matrix. This point is illustrated through a portion of 2 matrix
develaped for the North Dakota Department of Transportation (11).

"7 Tn this instance, a thin overfay could be sclected for a pavement section if the criteria in line I, or fine
2. or line 3, and so on, are met. For example, using the last linc in the matrix, a thin overlay would be
sclccted for a pavement that had a ride index below 2.5 if the width was greater than 39 fect and the
ADT was higher than 2001,
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Specific Treatments )
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Types o/ Treatments Considered in Strategy Development (12)

: '_ A number of different (ypcs of treatments can also bc consndercd in the slra(cgy dcvclopmcnl process.

In general, agencics prefer one of two approaches; cither s catcgory of rchabilitation is recommended
or a specific type of treatment is reccommenided. Both of these approaches arc discussed further in the
following sections.

Rehabilitation C .

Some agencices feel that a pavement management system should not be uscd at the network level to
make recommendations for specific types of treatments. Instead, these agencics choose to identify
treatment calegorics, such s routine maintenance or minor rehabilitation. Within each of these
calcgorics, a number of feasible treatments are normally identified. For example, the category
routine.maintenance may include crack scaling; joint filling; or the application of a seal coat. Once
the routine maintenance category has been identified, the agency conducts a more in-depth
investigation as to the specific type of treatment necessary.

One disadvantage to this approach is that fairly general cost data and performance models must be
used within the pavement management system when this approach is used. Instead of recommending
crack sealing or a scal coat for a particular seclion, each of which has specific costs associated with it,
the pavement management system must estimate an average cost associated with routine
mainlenance. This average cost is then uscd to allocate the available budget. Any improvements that
can be made to estimating costs obviously benefit the entire process.

. The same holds truc with forecasting future conditions. [ general categories are used, they are also

used for developing deterioration models. This may result in very generic models that do not
adequately represent the different deterioration patterns of specific types of treatments. Some
agencics have overcome this limitation by adding a function that allows the pavement performance
model to shiff in accordance with the performance of each individual section, In this way, pavement
sections that are performing better than the average condition can be treated differently than sections
performing far worsc than the average. :
i

Other agencices prefer using their pavemeit management system 1o idcn{ify feasible treatments that
arc further developed as part of a project scoping meeting. NCHRP Synthesis 222, Pavement
Management Methodologies to Select Projects and Recommend Preservation Treatments (2), quericd
state highway agencics about their project and treatment seleclion process. One of the questions
concerned the types of treatments that were considered in a PMS. The following treatments were the
most commonly considered treatments for pavement preservation projects.

Asphalt Concrete

Slab grinding §'¥
Full- and partial-depth rcpaxrs %Efg r%

Routine mainicnance
Surface scal coats

Milling and inlays Crack and scat 37 2 N E%
Thin overlay Thin-bonded overlay
Thick overiay Unbonded overlay
Mill and ovcrlay Micro-surface overlay
. Reconstruction Stab replacement’
. Reconstruction -

Agencics must develop performance models, cost information, and decision (rces/matrices for each of
the treatments considered in the program. For this reason, many agcncrcs limit the number of
treatments considered in their analysis. .

Updating Strategy Modcl s

Regardicss of the ly ofmodcl vsed w(hm an agency’s pachcnt manggement soRWnrc to sclccl
recommended repair alternatives, the model itscl? nceds to be periodically reviewed and adjusted.
The following steps outline the basic process for adjusting the strategy development models (7).

1. Unit cost information for each of the repair alternatives needs to be updated annually (or more
often if fluctuating costs warrant it). The actual costs of projects complcted during the past two
years should be reviewed. Looking at bid sheets for that time period will provide good
information an which to base unit costs,

2. The estimated life of each of the repair alternatives as defined in the PMS should be com';arcd
to actual repair performance by reviewing historical condition data (if available).

3. The repair methods used on projects during the past year should be compared {o those
recommended by the PMS. Take the list of projects and recommended repairs produced by the
PMS for the year in question and compare that directly to the projects and rcpau' types U\a\ were
actually completed during that year,

4. Ifthe actual repairs performed do not match well with those recommended by (hc PMS
program, the selection model needs to be adjusted. How that adjustment is performed will
depend upon. the software.

g—{a’ .
The analysis foutings vse this information to determine an optimized and prlOrl(wcd project list which -
identifics only feasiblc rehabilitation options. Some programs use a benefit/cost analysis that
evaluates the additional pavement lifc anticipated by the application of the treatment and divides that
by the life cycle cost of the treatment. The result is a benefit/cost ratio, which can be used to rank
treatments bascd on their overall cost-efTectiveness to the agency. Other systems utilize sophisticated
oplimization programs, such as a Markov analysis, as the basis for the development of rehabilitation
programs. The most flexible systems allow the sclections indicated by the program to be overridden
in cascs where political or managerial factors prohibit the implementation of the projects or
treatments identified by the pavement management system. In any case, the PMS tools can assist an
agency with an objective process to identify the best combination of projects over a multi-year

period. In most agencies within the United States, this is done through the use of &8 multi-year
grioritization (MYP) analysis.

2.7 Data Analysis (12)

Cach agency using a MYP analvsis must provide its own definition of what conslitutes the besr
combination of projects, but most agencies using MYP evaluate projects in terms of cost-
cffectiveness or benefit to the agency. Each agency must also evaluate its ability to implement the
best combination of projects. n most agencics, real world issues such as political influence and other
outside pressures often effect the final combination of projects included in a multi-year program. For
that reason, MYP is considered a too! to provide information to assist the decision-maker in selecting
the most appropriate projects for the program. The analysis results should not be considered the final
program by an agency using these techniques.

MYP is most benefictal to an agency that has needs that exceed the amount of money available to
maintain the network. In other words, MYP can benefit most agencies responsible for the
management of a deteriorating highway or roadway nctwork. Using the techniques that will be
discussed in this scction of the workshop, agencies will be introduced o the tools necessary (o
develop a process that helps allocate limited resources in an cificient and cost-cffective way over a
multi-year period. These techniques provide the information necessary to evaluate the iong-term
impacts of various rchabilitation strategies through an evaluation of the following:

e The timing of rchabilitation actions.

° The feasible maintenance and rehabilitation alternatives available for each section.

° The econamic aspects of the various alternatives.

e The predicied impact on the network aver time for each combination of projects over a given
analysis period.
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Benefits Provided by a Multi-Year Analy.ri:

Becausc a MYP analysns cvaluates the most approprm(c combination of projects, trcatmcnts and
application timings for a specific budgel level over a fixed analysis period, it provides the agency
wilh the information nceded to evaluate the cost-cflectiveness and long-term impacts of cach possible
multi-ycar program. An agency is able to evaluate the long-term impacts of accelerating or
postponing projects from one program ycar to another, or modifying budget levels in cach of the
analysis years included in the program.

MYP also provides the user with the ability to evaluate various overall program development
strategics, such as selccting projects on a worst-first basis versus sclecting projects that provide the
highest benefit/cost ratio. Additionally, the analysis tools provide the ability to evalualce the budget
requirements to implement various agency policies, ﬁuch as maintaining the interstate above a
parucular condition level.

These capab:hucs provide an agency with a number of benefits bey (md lhosc provided with a basic
PMS program. These benefits include the lollowing:

e - The ability to forecast future pavement conditions.

*  The ability to analyze options for timing the application of maintenance and rchabilitation
trecatments.

- The abilily to evaluate the clTectiveness of various rehabilitation slralcglcs for cach pavement

" scction quickly and cfficiently. -

. The ability to perform an economic analysrs of various mamlcnancc and rchablhla(mn
strategics. :

° The use nf an objective process for considering projects for funding in a multi-ycar program.

»  The provision of information needed by decision-niakers to effeciively prioritize rehabilitation
projects within the available funding constraints.

. The ability to project funding needs to achicve overall agency goals, such as maintaining a
particular condition level over time.

The agencics successfully using MYP analysis as pait of their paverment management program have
identitied several other benefits realized after the implementation of the program. These agencics
feel that they are betier prepared to address information requests that come to them about the

“pavement network and that the information helps facilitate discussions between upper management,

districts, and outside agencies. These agencies fee! (hat although they are not always able to
impiement the recommendations from their MYP analysis, they at Icast: understand the trade-ofTs they
arc making. i

Differences Between Ranking, Prioritization. and Optimization

In order to fully understand the capabilitics of MYP_ it is important that the participant first
understand the differences between some of the other methods of prictitizing. or aptimizing, the
selection of projects and treatments for multi-year planning purposes. Th order to understand these
diffcrences, a bricf overview of each method of project selection in provided. Immediately following
these overviews is a comparison of the major differences between vach approach,

Ranking TE

Perhaps the simplest form of prioritizing projects is to rank pavement maintenance and rehabititation
needs based on either enginecring judgment or a measured parameter such as condition. Each ycar,
the pavements arc ranked in accordance with the ranking guidelines until the amount of moncy
available for maintenance and rehabititation projects is used up. In the next year, the process is
repeated. In some cases, the ranking factor may actually be weighted by additional factors of
importdhce to the agency, such as traffic Ievels or functional classification. The most common
ranking critcria in highway agencics include the following (2):

° Rank by condition
- Rank by initial cost
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Z_, » . Rank by benefit/cost ratio. -

q‘ ° Rank by cost and timing,

o Rank by life-cycle cost

In most instances, the current condition of the pavement, or the distresses present in the most recent
condition survey, arc uscd to identify the feasible maintenance and rehabilitation strategies for each
pavemcent section, One or lwo treatments arc identified for cach possible condition level and the
actual ficld conditiens arc matched to the agency prescribed treatments. Adler each treatment has
been assigned to a pavement section, the cost of the project can be calcula(cd s0 (hat the highest
priority projects can be matched to the budget levels available.

For example, assume an agency has the pavement sections shown in table $ in its network. Further
assume thzt the condition vatuss iicluded in table S reflect the results of the most recent condluon
surveys for the network

Table 5. Sample Network - pc: m-h,,\?

Section [D Condition Level 7/
Route 67, from Milepost 1-4.9 ) 67
Route 67, from Milcpost 5-9.9 82
Route 67, from Milepost 10-13.5 : . 52
Route 14, from Mifepost 1-39 . : B A |
Route 14, from Milepost 4-5.9 - ) 74
University Avenue, bclwccn Lincoln and 85
Sixth

Using a simple ranking procedurc based on addressing the worst pavements first, the ranked list
presented in table 6 would be prepared.

Tablc 6. Ranked Listing of Projects

Route 67, from Milepost 10-13.5 ]

Route 67, from Milepost 1-4.9

Route 14, from Milepost 1-3.9

Route 14, from Miicpost 4-5.9

Route 67, from Milepost 5-9.9
University Avenue, between Lincoin and Sixth

Maintcnance and rchabilitation strategics arc then assigned (o cach section based on the current
condition and the lypes of distress presentl. The costs for cach project can then be caleulated by
multiplying the area of cach project scction by the unit cost for the preferred treatment. Projects are
selected from the ranked list untit the available funding levels are depleted. In this example, ifit is
assumed thal cach project cost $1 million dolars to repair, and the agency had an available budget of
£3 million, the first 3 projects would be funded. '

A slightly more sophisticated version of the ranking process would include a weighting faclor to
reflect other important factors such as traffic Ievels. In this instance, the agency would consider
condition levels and traffic levels in cstablishing the ranked list. Far example, assume that the
agency assigns a weighting factor of 0.5 to scctions with high trafTic levels, 1.0 to sections with
avcrage traffic. and 1.5 to scctions with low trafTic. The assumed trafTic weighting factors for the
samplc nctwork are inciuded in table 7,

Tabie 7. Samplc Network With TrafTic Levels

Section ID ) Condition Levei TrafTic Factors
Roulc 67, from Milepost 1-4.9 67 < 1.0 —
_&oulc 67. from Milepost 5-9.9 82 i.5
Route 67, from Milepost 10-13.5 52 1o
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Route 14, from Milcpost 1-3.9 71 . 0.5
Route 14, from Milcpost 4-5.9 i 74 0.5 .
Univessity Avenue, between Lincoln . [ - - 85 .. - .. 1O
and Sixth <. : N L -

By multiplying the condition index by the trafYic factor, a new ranking number is developed and the
reviscd rank of projects is reflected in table 8. ‘

_ Table 8. Revised Ranked List With Tralfic Levels Considered

Section Ranking Index (Candition * Traffic

_Factor)

Routc 14, from Milcpost 1-3.9 . 36
Routc 14, from Milcpost 4-5.9 L 37
Route 67, from Milepost 10-13.5 52
Route 67, from Milepost 1-4.9 67
University Avenuc, between Lincoln and 85
Sixth

Route 67, from Milepost 5-9.9 ] 123

Ranking"lcth_liqucs arc fairly easy to use and can ofien be done using a spreadshect. This technique
is limitcd in the amount of information available regarding the impact of different choices on network
conditions, and no considcration is made for the rate at which sections are deteriorating because no
performance models are developed. This method also fails to take into account diflferent
rchabilitation approaches for each project. Unless a benefit/cos( ratio is used to determinc the
ranking order, there is also no consideration of different economic strategies or the benefits provided
1o the agency. :

Prigritization

Prioritization is a more sophisticated method to project selection that npﬁroachcs a truly oplimized
solution for addressing the nceds in a pavement nctwork. Prioritization lcchnigues use mathematical
modcling tools lo achicve the best combination, over a specificd period, of the following:

o the projects in the network to reccive reconstruction, rehabilitation, or maintenance,
- the particular trcatments to be applied to each of the sclected projects, and
J the most effcctive timing for applying the appropriate rchabilitation.

This method requires the use of performance prediction models. or remaining scrvice lifc estimates,
to measure the effectivencss of a particular project into the future, It also requires the definition of
trigger fevels to identify needs, and provisions that allow the acceleration or deferral of treatments
during the analysis period. The usc of a computer program is also recommended to quickly evaluate
the trade-ofTs between the altematives considered.

Agencices using prioritization for project selcction purposcs gencerally identify some method of
cvaluating onc strategy over another. In many cascs, the agency uses some form of cost-effectiveness
to evaluate onc treatment over another, or one year over another. Perhaps the most common
approach is to usc a bene(it/cost ratio to compare the bencfit to the agency. per unit cost, for each
option available. Benefit is typically estimated as the additionat life provided by the application of a
particular treatment, as shown in figure 11. The cost of the treatment, in terms of initial cost or life-
cycle cost, is also defined and divided inlo the calculated benefit to determine the benefit/cost ratio.
The reccommended treatment or project timing is then identificd as the treatment that provides the
highest benefivcost ratio, or the highest incremental benefit/cost ratio.
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Treatment

Condition Benefit (Aves)- .

. Existing .. R
Pavement " Predicled Pavement
Performance

Performance

' Terminal Condition/ .

Age

Figure t1. Tiustration of treatment benefit.

With 3 prioritization process, the project selection process takes place afier the recommended

treatment or timing has been identified for cach section needing maintenance or rehabilitation. After-

these decisions have been made, the projects are prioritized and the multi-year program is developed -

by matching program needs to available funding levels. This process considers the application of the’
preferred treatment for each year in the analysis, within the financial constraints anticipated by the .
agency. This analysis can include the consideration of a large number of options in each aztalysis )

year, which is why this type of analysis lends itse!f to a computer. This concept is simply illustrated )

in figurc 12 for one pavement section. A network-widc analysis can quickly become unmanageable . ...
without a computer program, .

Existing
Performance

Condition  |----.... .
Treatment 1|
in Years X
andZat$
cost

Trigger Point for
Treatment | ———— Treatment 2
in Year Y at

$$ cost

Trigger Point for Treatment 2

Age

Figure 12, Feasible timing of rchabilitation options for one scction.

Tn most cases, the projects that provide the greatest benefit to the agency or its users will be
prioritized higher in the program development process. Some agencics have incorpora'lcd .
prioritization schemes into their pavemant management systems to better tailor the project sclection
process to reficct real life priorities. For example, although a county road may be the mos(‘ cost-
effective project for an agency, public pressure may force the sclection of an inierstate project long
‘before the county road project is funded. While it is realized that these types of adjustments must be



made within an agency, a fully functional prioritization system can provide the agency with the

mforma(ton needed (o fully understand the impacts of thesc decisions on the long term hcal(h ol‘ the
_pavcmcn( nclwork or the l’ulun: mam(cnancc and rchabmlnhon m:cds . E

Multi-ycnr prioritization am‘alyscs closcly rcprcscnt the solulions obtained from a truc optimization
analysis. Dr. Robert Lytton has demonstrated that several heuristic approaches, such as a multi-ycar
prioritization approach using an incremental benefivcost analysis, prov‘idc solutions similar to an
oplimized approach such as dynamic programming. This is because both algorithms go through a
similar sequence of decisions to determine the set of alternatives and projects that provide the
greaiest benefit for the total amount of money spent (2). For this rcason many agcncu:s refer to
multi-ycar prioritization as an opumlzauon lcchmquc

Ontimization ﬁﬁv;u ‘ .

The use of true optimization models is perhaps the most sophisticated form of multi-year analysis.
Through the use of mathematical programming mcthods, including linear, non-linear, integer, and
dynamic programming, optimized solutions are developed in accordance with goals established by
the agency. Very simply, an agency using optimization models would select something to optimize
such as the maximum lotal benefit to the agency or the lowest rehabilitation cost to achievs certain
condition levels. The agency would also |den(lfy any resource constraints that may affect the
analysis.

An opfimization analysis considers thc optimization goal and uscs the mathematical programming
techniques to find the best solutions from an infinite number of possible solutions. The difTerence
between optimization and the techniques discussed earlier is that in an optimization analysis, outputs
are normally provided in terms of percentage of miles that should be mobilized from one condition to

" anothers rather than the identification of specific projects. For example, the optimization analysis

could.recommend that in order to provide the most bencefit 10 the agency, 30% of the pavements in
poor condition shauld reccive some type of rehabilitation to take them 10 good condition and 50% of
the pavements in {air condition should receive rehabilitation to take them to good condition. In
Kansas, for example, the optimal rehabilitation policy for a given ycar is provided in terms of
condition states, the optimal action in cach condition state, and the unit cost for each recommended
action (2). A separate analysis is performed to identify-which pavement sections in each of the
condition catcgories should be selected to achicve the overall goal.

Agencies using optimization fecl that this more complex approach addresses two important
considerations that are not considered in a prioritization analysis. Thesc considerations arc identified
in the Advanced Course in Pavement Management (13) as the following:

*  The evaluation of inter-project trade-ofTs in sclecling stralegics.
. The sclection of strategies which are guarantced to adhere to budget timits.

These ggencies prefer the capabilities provided through optimization for the following reasons:

° It allows trade-offs among projects, but also evatuates any number of strategy
choices for cach project in the course of making these trade-ofTs.

. 1t allows multi-year network level planning and programming aimed at moving the
overall system lowards a defined level of performance.

Although these additional capabilities are attained through an optimization analysis, some agencics
have found that the results of the optimization are not understood by elected officials and upper
management. In NCHRP Synthesis 222 agencices reported that it is easier to defend projects and
treatments selected through a ranking or prioritization process. Because the analysis results are not
casily understood, some individuals perceive a loss of control in their programming and scheduling
processes with optimization. This is enhanced by the Fact that individuals with strong backgrounds in
mathcmatics and statistics nmust be employed to conduct the analysis.

~§-TskatRE
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Smg/e-}’ear Versus Mulli- )/e\ar Prioritization

Many agcnciés use a prioritization process as part of thelr project and treatment seléction process,
Afthough the process results in the development of multi-year plans and programs, many agencics arc
not actually using a mulli-ycar prioritization analysis. Instead, many agencies arc using single-year
prioritization to develop mulfi-year plans. Because of ihis, many agencics that helicve they are
realizing the benefits of multi-year prioritization are nol gaining all the benefils possible.

Single-ycar prioritization more closcly matches the description of the proces$ described in the section

of this chapter on ranking. Using any type of prioritization process, such as condition, initial cost,
life-cycle cost, or benefit/cost ratic, the most beneficial projects are identificd in each year of the
analysis. The primary difference between this approach and true multi-year prioritization is in the
lack of consideration of trcatments in alicrnate yeafs in addition to the consideration of alternate
trecatments. While single-year prioritization may consider the most effective of a number of feasible
treatments, it rarcly considers cach feasible treatiment in cach of the analysis ycars. Because of this,
the uscrs of a singlc-year prioritization do not determine the relative bencfit of applying 2 less costly
alternative in an carlicr year compared to a more expensive alternative in onc of the later years of the
analysis. Similarly, the long-term impacts of delaying or accelerating projects from one year to
another can not easily be evaiuated.

The Advanced Course in Pavement Management (13) identifies the following advantages and
disadvantages of multi-year prioritization over single-year prioritization.

Advantages

° The option of timing of rchabilitation, reconstruction, or maintcnance can be
included in the process. -

@ The capability of finding an oplimum combination of projects, alicrnalives, and
timing for any budget level can be incorporated.

. The ability to sct targets for future levels of serviceability, or other strategic
purposcs, is possible.

*  The impacts of various funding levels can be assessed.

Disadvantancs

. 1t is more complex than single-ycar prioritization,
. The believability of the results is dependent on the reliability of the performance or
delerioration prediction models.

Componenis of Mulri-Year Prinritization

A multi-ycar prioritization analysis is compriscd of 8 number of different types of analyses, cach of

which is usually tailored to the implementing agency. A bricf overview of each of the coniponents is -

provided below for informational purposes.
RE
Pavement Performance Analysis \ %% o &§ 3% -

fn order 10 tonduct a multi-year analysis, it is imperative that a pavement performance analysis be
conducted so that the deterioration rates of each pavement type are established. This information can
then be used to forecast future pavement condition in order to determine the following:

- The appropriate type of rehabilitation needed in future years.

. The most appropriate liming for applying the treatment.

o Ancstimate of the additiona! life provided by the application of the trestment,
s A determination of the Jong-tenn impacts of programming decisions.

A number of different modeling tools are available for representing the deterioration trends of

pavements inctuded in the pavement nctwork. In agencies where multi-year prioritization techniques
arc used, defcrministic modcels are most common.

nyNa




@ Pavement Prescrvation Stralegies and Treaiments

One ¢f the imporiant functions of a MYP analysis’is the selection of the prcfcrrcd'nf:iirilcnancc and
rehabilitation strategics for cach possible project considered during the analysis period. Therd arc a
number of different techniques used o sclect preservation treatments, as discussed below.,

. Decision trees, featuring a serics of branches that are sclected based on overall condition, types

of distrcss present, functional classifications, or other factors. Each branch cventually lcads to
. the preferred treatment for a given sct of conditions. )

. Matrices. featuring tablcs that describe certain characteristics and the aliowable ranges for
particular levels of rehabilitation. The matrix may identify the preferred treatment or list a
scrics of féasible alternatives that are considercd further in terms of their effectiveness.

. Rules, including 2 <ct of rules that specify particular treatments lor certain conditions.

This information was discussed in Section 2.6.2 of the workshop.

@ investment Analysis { 3|51 ©) :
Unfortunately, most agencics are faced with the dilemma of prioritizing rchabilitation projects
because funding levels do not adequately address all the needs of the agency. Because of that, a
MY?P analysis includces a nctwork investment analysis that considers the economics of the diffcrent
rchabilitation options available and helps identify the most cost-effective aiternatives. fn many
instances. a life-cycle cost analysis is incorporated into a benefit/cost evaluation of the cfTectiveness
of various rchabililation options. Agencics that do not have adcquate life-cycle cost data to support
this type ol analysis may opt to use initial costs as the basis of the e[fecliveness evaluation.

@  Proicct Selection Process

The information produced through cach of the different analysis components is incorporated into the
project selection process for the development of the multi-ycar capital improvement plans. In some
agencics, the information is provided to the District Offices where programs are developed and
finalized. In other agencics. where the management is more centralized, District input is one
component of the project selection process. Other factors, such as the necd 1o balance programs
among Districts, or cenltral oflice prioritics, also significantly influence the program development
process,

No matter which approach is used, the final result is the development of a multi-year program which
indicates the project limils, estimated cost, and scope of work required o address all deficiencies
identificd in the project. This process typically includes representatives from throughout the highway
agency. nol just from the pavement management office, 1t is imperative that the information from the
project-sclection process be integrated back into the pavement management system so that the system
remains corrent and viable.

Data and Anal);.si,y Requirements of Multi-Year Prioritization §§ ga}i 0 ’g {ﬁ, gb %

Each component of a MYP analysis has individual requirements for the types of data necded to
support the analysis. These data requirements vary considerably depending on the level of
sophistication of the analysis, the type of condition rating system used by the agency, and the level of
confidence in the data. Because of this, it is hard to identify a comprehensive list of data
requirements. Having said that, some of the basic requirements of each of the technical components
discusscd in the previous section are outlined here. 1t must be understaod that if an agency wishes to
develop a very sophisticated approach to any of these components, more detailed information may be
required.
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Performance Analysis

Inventory data (surface type, location, ctc.) . : o o
- Geometry E - ’ o L
Age
Historica! conditions
Current conditions
IZnvironmemntal faclors
TrafTic cstimatces

Pavement Preservation Strategics and Treatments

T30 '

Ecasible trcatment types

Conditions under which cach trcatment is considcred feasible
Cost of cach treatment

Expected life of each treatment

Network Investment Anatysis

Expected life of cach treatment
Cost of cach treatment (life-cycle cost or initial cost)
Agency policies and practices

Project Sclection Prgcéﬁ

Project limits

Project scope (bridges, pavement needs, etc.)
Prioritization faclors

Project cost

Project constraints

Available resources

Agency policics and practices

Other Factors That Influence the Analysis Process

There are a number of cutside considerations that can not be factored into the project
recommendations provided by a PMS. These faclors, although often not technical in naturc, must be
incorporated into the agency’s decision-making process, often through 2 manual adjustment to the
recommendations. The following factors were identificd by highway agencics in the United States as
the most common influcnces affecting the sclection of projects for a multi-year program (2).

. Geographical boundarics and the balance of work between districts.
" Political intluences or citizen requests. :

° Combinalions with other types of projects for program development.
° tnfluence or bias of individuals developing the program.

. Geomctric censtraints.

*  In-house design capabilitics.

o TrafTic operations and safety upgrading.

° Lacally avaitable resources.

v Policies and mandatcs.

2.8 System Quiputs and the Feedback Loop

The outputs of a pavement management system have hecome useful tools for cngincers responsible
for the management of a pavement network. In addition to being able to provide an objective

cvaluation of rehabilitation necds, the user can utilize the software to quickly and easily investigate
what-if budget scenarios that address the resultant impact on overall network condition. Used as 2
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tool for justifying nceds, this typc of information is vcry uscful in assessing lhc impact of budget culs
. lo pohllcmn§ managers, and the pubhc -

Reporl: and Olher Outputs

Pavement managemenlt software can producc several types of output, including reports, graphics, and
maps. Reports can be generaled by a pavement management program in several ways. Some
softwarc provides pre-formatted reports. These are reports that provide pre-selccted information that
the user cannot modify in any way. A novice user may find this type of rcpomng capability
sufficient. Other software provides reports that can be taildred to meet an agency's necds. Ad hoc
reporting capabilitics may also be provided, which permits the user to design and customize unique
reports.

Pavement management software may also be linked to computer-aided drafting (CAD) systems or
geographic information systems (GIS) for a more visual representation of the data contained in the
database or the report outputs. This capability has greatly enhanced the usefulness of the system to
managers who need to convey as much information as possible in a very short time period.

Some agencies arc taking advantage of the multi-media capabilities provided through CD-ROM
based (CD-bascd) programs to produce pavement management reports that visually convey
information about a pavement network. CD-based programs incorporate audio, video, photographs,
graphics, and text into an interactive format that aliows the user to determine the amount of
-information desired about the pavement network. These programs have been used to display distress
identified in cach pavement section, along with text describing the probable cause of the
deterioration, the construction history presented by a graphic representation, and the recommended
maintenance and rchabilitation procedurcs to address the repair.

It is important to consider thé audience who will be reading the reports before producing outputs
from the PMS. Different types of teports are required depending on the background, familiarity, and
level of management within the organization, Managers, for example, prefer outputs that visually
display the impacts of various options so that the information can be quickly assessed and decisians
can be made. The same is true for government officials who have many items on an agenda and can
nol afford much time to any one topic.

Engincers and designers, on the other hand, need detailed information from the PMS. These
individuals ofien vtilize 1abular listings of the treatment recommendations for the sections included in
the multi-ycar program, along with detailed information about the deterioration present, the existing
structlure, and the results ol any evaluations conducted in the Jast fow years.,

The key to successfully producing valuable outputs is to understand the andicnce that will be using
the reports. It is also important to have a PMS that provides the agency with cnough Nexibility that
any number of reports can be gencrated. In this way, the PMS will become a central location of
valuable infornation to agency personncl, and an important part of any decision process.

Feedback Loop

A pavement management system can also provide the agency with the data necessary 1o document
pavement performance data to evaluate the effectiveness of pavement design procedures,
construction practices, and performance of individual contractors. The cost-cffectiveness of
rchabititation and maintenance techniques can be evaluated and input directly back into the system to
refine the benefit and cost analysis. At the engincering level, these programs can be used to produce
quantifiable engincering data which is used in decision making and design processes. [n order to take

advantage of this type of information and make the pavement management system most valuable, a
feedback loop must be cstablished so that performance data is used to update the pavement
management database, i

Itis extremely important to continuously monitor, evaluaie, and recalibrate the PMS with the
fecdback oop established. A fecdback loop must be established within the pavement management
process so that performance and repair cost data are constantly updated within the system in order to
improve the reliability of the PMS. In addition. the feedback process can be used to quantify the

cost-efiectiveness of various pavement repair techniques and to check the accuracy ol'dcqgn
procedures. In nost cases, fccdback isa manual proccss . -

e Benefits to Uslng I‘nvcmcn( Mwungcmcn(

Agencies have identified a number of benefits to the usc of pavement management for the project and
treatment selection process. Although some benefits are hard to quantify, such as improved
communication or more informed decision-making, others are much more tangible. Some of these
benefits are outlined bclow (I m.

o Provides an au(omalcd procedure that assists in the project selection process, accordmg to lhe
constraints and practices within the agency.

° lmpro»cs the long-lerm effectiveness of the decision process.

. Contributes to an understanding of the impacts of pmjccl timing or treatment sclection on the
long-term health of the network.

° Tmproves the forecasting of future neceds.

. Provides an increased chance of making improved decisions

*  Provides timely and accurale information for use in determining short-term and long-term

~ pavement needsN, 8% 221t

. Provides a mcans to monitor pavement nctwork condition and provide a quantifiable assessment
of the condition of the network.

*  Provides a means for cvaluating various rehabilitation strategics and option tradc-ofTs.

o Improves the prioritization of pavement repair work, which in turn reduces cxccsszvc
rchabilitation costs because of timely action.

. Provides a way to analyze the consequences of various funding levels.

. Provides a_sound basis for allecating resources. 483

°  Provides nbjective information to balance political and other subjective inputs.

° Improves the clfectiveness of dollars spent on the pavement network.

. Tnhances the agency's credibility with elected officials, top management, and the public.ﬂ‘ﬁ&

° Provides valuable feedback on pavement design, maintenance, rehabilitation, materials, and
construction; in the long-term, this improves engmccrmg and results in better pavements,

e Improves communications.

e Allows an agency to answer “what-if” type qu(‘shons regarding pavement repair programs and
funding levels.

4.0 Summary

This workshop has provided an introduction to the concepts of pavement inanagement and the
various components that make up a pavement management system. Each of the scven basic
components of a PMS, inciuding a nctwork inventery, condition assessment, database, modcl
development, analysis, outputs, and feedhack loop have been discussed in terms of crrrent practices
in the field of pavement management. The workshop conctudes with 2 summary of the benefits
provided by pavement management,
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Sumymary : :

A primary objective of a Pavement Management System (PMS) should be to supply information that
is useful in the process of determining the best way to maintain the road network being considered. Thus the
PMS needs to Le atlc to determine the most appropriate treatments to apply {o road secuons in order 1o best _
achieve the objectives of the road authority.

The two primary spproaches to determining the appropriate treatments are:

intervention criteria which is used to trigger works when specific conditions are reached; and -

optimisation which selects treatments so that they achicve lhc bcsl possible. outcomne mcasured agamsl

some predetermined criteria,

The use of intervention criteria in pavemenl manigement requires the determination of specific
condition stales which trigger some trealment action.” This approach generates a “needs based™ programmie -
and dictates the budget requxrcd and hence cannot oplimally distribute funds when the budget is restricted.
This will typically result in a “worst first”" approach when the budget is restricted. It is scldom the most cost
effective or efficient way 1o allocate funds. The author argues that with the intervention approach it is very
difficult to set objective decision making criteria and thus it is difficult to achieve any clearly set objective.

The author believes that a better approach is to determine the optimum treatment (including routine
maintenance) to be given to cach road section under user defined constraints. The oplimisation should be -
able to be based on different criteria and allow budget constraints. This approach requires the decision makers
to determinc their objectives before making decisions. These can, of course, be altered subsequently but then
2 new optimisation is required.

An outline of how the maintenance and upkeep programmes are to be developed by an optimisation
system, is as follows: ;

. the objectives for road maintenance are determined and the opllrmsallon criteria chcloped

. viable treatment options are determined for those road sections that are being considered in the -
development of the upkeep and works programme;

. any treatments that must be undertaken and other constrainis on the optimisation arc identified;
the range of budgets and other constraints to be considered are determined,

- the optimum maintenance and upkecp programme is deveioped using an agreed basis of optimisation;
and
different options and constraints considered by the decision makers and if necessary, the process is
repeated.

The {inal works programme prowdes the most cost effective solulmn to maximise the predetermined
objectives within the allowable budget and also take into account other external constraints.

Objectives Of Pavement Management

It iz suspected that most pavement managers would agree that one of the primary aims of a pavement
management system (PMS) should be to assist the road outhority 1o maintain the road network at an
acceptable level of serviceability at leost life cycle cost. '

The important points in this statement are:

. The PMS is designed to assist the road authority ir ils decision making process and definitely not to
usurp that role; i.e. the PMS is a tool and not the final decision maker.
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