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EXECUTIVE SUMMARY 
 
The objective of the proposed guidelines for a roadway management system (RMS) is to 
describe a framework for a modular and user-friendly RMS that will assist local government 
agencies of all sizes in coordinating and planning routine and preventive maintenance, 
rehabilitation, and reconstruction. These guidelines include a step-by-step procedure to establish 
a customized RMS for local government agencies. The resulting RMS, based upon the proposed 
guidelines, will be a systematic methodology that can assist local government agencies to 
evaluate current pavement conditions, identify problems on pavements, select the best repair and 
maintenance strategies with the minimum cost, and generate a schedule and priority program for 
these actions at both project and network levels at both the present time and the future. 
 
As part of these guidelines, we also report the results of a nationwide survey of local government 
roadway management practices. A questionnaire was developed as part of this survey and sent 
out to local government agencies throughout the United States. This information was then used 
to establish the proposed RMS guidelines that are relevant for local government agencies’ needs 
and expectations. In addition, a literature survey was conducted to review current roadway 
management systems and research, and to reduce the duplication of research, information, or 
training materials that have been developed by other government agencies or private consultants. 
Furthermore, the information from both survey methods was evaluated, refined, and customized 
to the proposed RMS guidelines. 
 
Detailed background information on various aspects of a roadway pavement and an RMS is also 
given in these guidelines to ensure consistency of usage and understanding since these terms and 
definitions may vary from one agency to another. The information includes definitions and terms 
related to pavements, types of pavement, types of pavement distress, etc. 
 
Then, a section on inventory methodology is included. An inventory methodology is established 
for use in the data collection process. It is imperative that only necessary information be 
collected to reduce time and cost in the data collection process. This section also provides terms 
and definitions used in the inventory program, referencing and defining methods for the roadway 
network, and the understanding between project and network levels. This information is expected 
to clarify the scope and level of responsibility for local government agencies. 
 
Once the data inventory is established, the data collection process can be initiated to gather 
information from concerned pavements within the roadway network. The data used to evaluate 
the current pavement condition can be obtained by a variety of methods such as visual inspection 
rating, nondestructive testing, destructive testing, and others. Moreover, there are several 
mathematical indices that indicate the current pavement condition and that are widely used by 
local government agencies, such as the Present Serviceability Index (PSI), International 
Roughness Index (IRI), and Pavement Condition Index (PCI). These guidelines also provide the 
step-by-step procedure to obtain the PCI value for different low-volume flexible and built-up 
pavement types as well as different maintenance strategies. In the proposed guidelines, the PCI 
value forms the basis for establishing the other components as well as developing the 
coordination among the components of an RMS. 
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The integration of an RMS with a geographical information system (GIS) is another approach to 
achieve the long-term use of an RMS by updating the data on pavements within the roadway 
network. This report presents the advantages acquired from the integration of an RMS with GIS 
as a platform, details of systems displaying RMS information on maps, components of GIS, and 
the approach to establish a central database. 
 
Furthermore, these guidelines present a method to generate the maintenance, rehabilitation, and 
reconstruction actions in order to maintain and improve the pavement performance based upon 
the PCI obtained earlier. This will help local government agencies to decide what repair and 
maintenance actions would be best suitable for concerned pavements. 
 
Without a pavement performance prediction model, the future tasks and schedules cannot be 
effectively planned. A pavement performance prediction model is developed based upon the 
collected data on pavements to forecast the PCI value in the future. Therefore, by using this 
prediction model local government agencies will be able to predict future facility condition, 
analyze facility life cycle cost, and estimate the type and timing of maintenance and 
rehabilitation need regarding only the projected PCI. 
 
There are a number of factors used to consider maintenance alternatives needed for pavements 
such as cost, duration of action, available resource, etc. Generally, the cost of each alternative is 
the primary factor that most local government agencies are concerned with due to the limited 
funding each year. In order to compare the cost of each strategy, life cycle cost analysis can be 
preformed. Consequently, a methodology for life cycle cost analysis is also provided in these 
guidelines. 
 
Usually, local government agencies do not have enough funds to improve all segments within a 
roadway network although they have adequate information to identify problems on these 
segments. The priority program, therefore, is the solution for local government agencies to 
generate their budget and to numerically plan which concerned segment should be first taken 
care of. These guidelines identify the numerous factors affecting the priority index such as PCI, 
average daily traffic, roadway functional classification, roadway location, maintenance history, 
and pavement riding quality, and provide a methodology for obtaining the priority indices. 
 
The final component of an RMS is to generate a report such that the elected board or council can 
approve the funds regarding local government agencies’ needs. It is imperative that the data and 
analysis be clear and easy to understand for those who are not technical experts or engineering 
professionals. These guidelines briefly demonstrate the tasks that should be considered and 
included in the proposed report. This will guide local government agencies to establish the 
proposed report for their own customized RMS. 
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1. INTRODUCTION 
 
Managing, computing, and networking assets is one of the most problematic issues of modern 
networks. A roadway management system (RMS) is a systematic methodology for identifying, 
prioritizing, and cost-effectively addressing maintenance needs of government agencies, based 
on techniques and resources that are matched to local circumstances. 
 
This report contains detailed guidelines for implementing a total RMS and is intended for use by 
those who are responsible for managing and maintaining roadway pavement. These guidelines 
discuss the necessary procedures to determine the RMS needs of an agency and are also designed 
to assist local government agencies of all sizes, managers, engineers, and maintenance personnel, 
in making an informed and cost-effective decision about the pavement components for which 
they are responsible. The report also provides local government agencies with proven, practical 
tools, techniques, and procedures for developing a customized RMS, which will assist them to 
develop proactive maintenance plans. 
 
An effective roadway management system should provide complete life cycle coverage, starting 
with the planning, and continuing until replacement or reconstruction. Through the automation of 
the maintenance processes, a roadway management tool can save time and provide accurate 
information on roads and other infrastructure by eliminating subjective judgment. The RMS can 
also help managers use good data to make objective judgments in selecting maintenance 
strategies. 
 
Typically, a roadway management system includes a set of analysis tools that may be used by the 
asset manager for evaluating alternative strategies in a systematic and coordinated manner, with 
the objective of operating a network system at minimum cost and maximum efficiency. Such a 
system involves the following key elements: 
 

• Strategic goals 
• Inventory, condition, and performance 
• Measures of goals and expectations 
• Prediction tools 
• Decision analysis and system integration 
• Consideration of life cycle costing in the decision process 
• Optimization 
• Links to the budget process and prioritization 
• Improvement in teamwork and communication 
• Continuous improvement in the RMS process 

 
An efficient RMS should integrate easily with other infrastructure models. This feature allows a 
local agency to plan, schedule, and determine the needs budget and make objective decisions on 
when, where, how, and what to do. Also, this allows the managers to use their resources as a 
complete system. 
 
An RMS will help local government agencies in planning, programming, design, maintenance, 
rehabilitation, reconstruction, and monitoring facilities’ conditions. In other words, with an 
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RMS, information will be available on a facility’s condition and performance, which can help 
managers to develop a plan schedule and prepare short- and long-range requirements. The total 
goal of an RMS is to achieve maximum total return on the public’s capital. 
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2. SURVEY RESULTS 
 
2.1. Survey of Local Agencies 
 
A questionnaire was developed to survey local governments regarding the current roadway 
management practices of the local government in the areas of pavement management, bridge 
management, and signal management. The main purpose of the survey was to gather information 
about the tools used and developed by local government agencies throughout the United States to 
manage their roadway networks. Specifically, the survey’s intent was to explore the basis and the 
methodologies of such tools as well as the expectations from the use of these tools. The 
questionnaire, given in Appendix A, was mailed to 300 local governments, and 34 responses 
were received. The survey result shows that an RMS has been used as early as in the 1970s; 
however, many government agencies applied an RMS to their program only in the early 1990s. 
The survey results were analyzed to develop an inventory of current techniques, ideas, 
technology, and research materials related to roadway management systems that are appropriate 
to most local government agencies. A detailed summary of the survey results can be found in 
Appendix A. 
 
The survey results show that more than 90 percent of roads in survey areas are flexible and built-
up roads, including chip seal, cold mix, and gravel roads. Consequently, these pavement types 
should be seriously considered in the development of a new RMS, such that the developed 
systems can be efficiently used on these pavement types. Moreover, there is a clear need for 
methodologies to determine the pavement condition for such pavement types. 
 
The method used to determine the pavement condition is a particularly important procedure for 
an RMS. There are various techniques used by local government agencies to verify the pavement 
condition such as the International Roughness Index (IRI), PAVER, riding quality, Present 
Serviceability Index (PSI), etc. Another technique called the Pavement Condition Index (PCI) 
has been developed relatively recently and is currently in use by several local government 
agencies throughout the United States. Almost 40 percent of our survey respondents utilize the 
PCI technique for pavement evaluation. PCI is the numerical indicator to determine pavement 
condition based on a variety of factors, and the current PCI can be determined according to the 
observed condition data of a pavement. 
 
In addition to the techniques to evaluate current pavement condition, the pavement performance 
prediction model is also an important element of an RMS. However, these prediction models 
have not been widely established, especially for the pavement types, mentioned above, that are 
of most interest to local government agencies. Less than 25 percent of our survey respondents 
have used prediction models that are typically based upon their experience and the historical data 
they have collected. It is reasonable to emphasize that without an efficient prediction model an 
RMS cannot be well planned. 
 
The processes used to make decisions on asset management actions such as maintenance, 
rehabilitation, or reconstruction (MR&R) is another important procedure of an RMS. More than 
60 percent of the agencies surveyed have chosen life cycle cost analysis for economic evaluation 
and used the results to establish their strategy, schedule, and funding needs programs. The other 
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agencies report that they use historical data and experience, along with available resources, to 
make decisions of asset management actions. 
 
From the survey results, the agency expectations from the use of an RMS were also collected and 
analyzed. Almost 50 percent of the respondents suggested five different sets of items that local 
government agencies expect from a proposed RMS. These include (1) a pavement data collection 
method, (2) pavement life cycle cost analysis, (3) a pavement condition evaluation method, (4) a 
pavement performance model, and (5) an integrated management system that includes various 
assets. In addition, respondents also suggested the integration of geographical information 
systems (GIS) and global positioning satellite systems with the RMS. They also expressed a need 
for a user-friendly, flexible, and affordable RMS. 
 
Considering the wide range of expectations from roadway management systems, we conclude 
that an RMS is best designed keeping an individual local government agency’s need as a primary 
goal. However, for portability, consistency, and to some extent uniformity between RMSs, 
certain underlying guidelines need to be applied during an RMS’s development. Consequently, 
this report focuses on developing guidelines and standards that may be used by a local 
government agency to develop its RMS. 
 
2.2. Literature Survey 
 
In addition to the survey of local government agencies, a review of the current state-of-art of 
roadway management systems was performed by searching materials related to RMSs such as 
articles, technical documents developed by government agencies, and textbooks. Following is a 
discussion of the findings from our literature search with special attention to the current issues 
related to roadway management systems. 
 
The procedure developed by World Bank HDM Manager, Peru, is an attempt to approach road 
network management. The brief data collection process and survey results are provided. Based 
on the survey results, the analysis of data is conducted, and the recommended strategies for both 
paved and unpaved roads are presented. International Roughness Index (IRI) and Net Present 
Value (NPV) are important indicators used in the process to determine and prioritize 
maintenance activities (Liautaud 1996). 
 
Al-Swailmi (1994) introduces the framework for municipal maintenance management systems. It 
is focused for use in cities rather than for rural road networks due to more factors affecting 
deterioration rate of the road network in cities than rural areas. Al-Swailmi provides the 
methodology used to develop a new system for a maintenance management system (MMS). 
Then, it is combined with city’s subsystem to eliminate conflicts between road and utility 
construction and maintenance activities and to provide the general concept of MMS with a cost-
effective approach. 
 
Livneh (1997) has described an approach for the development of deterioration curves of overlaid 
pavements. Livneh finds that the prediction model for pavement deterioration must be derived 
systematically because this model is very essential for the highway system. The material 
provides original deterioration curves and other formulations to predict the deterioration curves 
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for overlaid pavements. A computation example is also demonstrated to support the equations 
developed in this paper. 
 
Medina et al. (1999) have described a case study of using geographic information systems (GIS) 
with a pavement management system (PMS), specifically for low-volume roads. The paper 
presents the background of GIS and how it can be used to coordinate with PMS in order to help 
government agencies to efficiently generate strategies and eventually make decisions to improve 
pavements in the roadway network. The material also provides step-by-step guidelines for 
integrating these two systems, and then the method is used to estimate the cost of maintenance 
actions generated each year. 
 
Hall et al. (2001) have described methodologies for generating rehabilitation strategies of 
highway pavements as part of the National Cooperative Highway Research Program (NCHRP), 
Project C1-38. Their report provides a set of procedures to help agencies in evaluating and 
selecting rehabilitation activities for highway pavements. The guidelines for life cost analysis of 
pavements are also given such that agencies can make decisions based upon their budgets. 
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3. BACKGROUND INFORMATION 
 
Before any action may be initiated for establishing an RMS, it is important for a local 
government agency to acknowledge general information involving the pavement inventory such 
as definitions and terms used in pavements, type of pavement, type of pavement distress, etc. 
Since the terms, their definitions, and their usages may vary from region to region and from one 
local government agency to another, it is imperative to develop a common glossary in order to 
encourage consistency of usage and understanding. Therefore, in this section, we present a 
collection of terms and definitions that are widely used for describing pavement types and 
behavior. 
 
3.1. Definitions 

 
According to Asphalt Institute (1983), some terms defining pavement characteristics are 
described as follows: 
 

• Asphalt concrete (AC): high-quality, thoroughly-controlled hot mixture of asphalt 
cement and well-graded, high-quality aggregate, thoroughly compacted into a uniform 
dense mass. 

• Asphalt pavement: pavements consisting of a surface course of mineral aggregate 
coated and cemented together with asphalt cement on supporting courses such as asphalt 
bases, crushed stone, slag, or gravel; or on portland cement concrete, brick, or block 
pavement. 

• Asphalt emulsion slurry seal: a mixture of slow-setting emulsified asphalt, fine 
aggregate and mineral filler, with water added to produce slurry consistency. 

• Asphalt fog seal: a light application of slow-setting asphalt emulsion diluted with water. 
It is used to renew old asphalt surfaces and to seal small cracks and surface voids. 

• Asphalt leveling course: a course (asphalt aggregate mixture) of variable thickness used 
to eliminate irregularities in the contour of an existing surface prior to superimposed 
treatment or construction. 

• Asphalt overlay: one or more courses of asphalt construction on an existing pavement. 
The overlay generally includes a leveling course, to correct the contour of the old 
pavement, followed by uniform course or courses to provide needed thickness. 

• Cold mix road: a mixture of aggregate with liquid or emulsified asphalt placed at 
atmospheric temperature and normally spread with a motor grader and then rolled. 

• Chip seal road: a thin asphalt surface treatment. It is a mixture of cover aggregate with 
liquid or emulsified asphalt, which is used to waterproof and improve roadway surfaces. 

• Gravel road: surfaces constructed with a hard mineral material such as gravel, crushed 
rock, or sand. 

 
In terms of maintenance and rehabilitation actions, several strategies are defined below:  
 

• Overlay: placing 2 to 4 inches of hot mix or cold mix asphalt on the pavement to 
improve the serviceability and structural load-carrying capacity of pavement or to 
upgrade the initial construction. 
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• Slurry seal: used to seal a surface base course against water entry and to provide a 
friction surface for traffic. 

• Single chip seal: used to seal a base course against water entry and to provide a friction 
surface for traffic. 

• Double chip seal: consisting of application of a second layer of chip seal with smaller 
sized aggregate in the top layer. Surface treatment is usually less than 1-inch thick. In 
some case, the chips are precoated to prevent chip loosening or loss. 

• Base stabilization: strengthening the base when unstable base is presented for greater 
load-carrying capacity through the addition of cement, oil, aggregate, or fly ash. 

• Partial-depth patching: construction of a 2-to-4-inch asphalt-cement hot mix or cold 
mix pavement in the potholes that require patching. 

• Full-depth patching: repairing a deep base failure or a severe load associated with 
cracking. 

• Recycling: a method of heating, adding asphalt or aggregate if required, and mixing the 
combined material. Recycling machines are available that will reduce the material to the 
proper size and redeposit it on the milled area. 

 
3.2. Pavement Types 
 
The types of pavements can be generally divided into three major groups: flexible or asphalt 
pavements, rigid or concrete pavements, and composite pavements (Huang 1993). 
 
3.2.1. Flexible Pavements 
 
There are three types of flexible pavements: (1) conventional flexible pavements, (2) full-depth 
asphalt pavements, and (3) contained rock asphalt mats (CRAM). Survey results described in 
Section 2 show that the flexible pavements make up approximately 55 percent of the total miles 
constructed within the surveyed areas. 
 
Conventional flexible pavements. Conventional flexible pavements are composed of three main 
layers: bituminous surfacing, base, and subbase. The surfacing layer is divided into the wearing 
course and the binder course. The base course and subbase course can be constructed in the 
composite form by using different materials. The quality of materials used to construct layers 
and the intensity of stress vary from high for the top layer to low for the bottom layer. In addition 
to the main layers, a seal coat is applied on the top of pavement to provide skid resistance or to 
waterproof the surface. Also, a tack coat is placed between the surface and binder course, and a 
prime coat is applied between the binder and base course. The purpose of the tack coat and the 
prime coat is to provide bond between layers. 
 
Full-depth asphalt pavements. The main concept for this type of pavement is to use as few 
different types of materials as possible. Usually only one material is used and is directly placed 
as one or more layers on the subbase course. These pavement types are easy to construct and 
cost-effective where other materials are not available in the local areas. If such a pavement is 
built in several layers then the tack coat must be applied between layers to provide an interlayer 
bond. 
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Contained rock asphalt mats (CRAM). There are four layers in CRAM pavement: starting 
from the top dense-graded hot mix asphalt, dense-graded aggregate, open-graded aggregate, and 
modified dense-graded hot mix asphalt. This type of pavement system is designed to reduce the 
compressive strain on the top of the subbase, prevent the contamination of aggregates by the 
infiltration of the subbase soils, improve fatigue resistance of the bottom asphalt layer, and 
reduce crack propagation in the surface layer. However, this type of pavement has not been 
widely used due to lack of design and construction standards. 
 
3.2.2. Rigid Pavements 
 
Rigid pavements are classified into four groups on the basis of pavement reinforcement and the 
load-transfer mechanism. Rigid pavements are mainly constructed from portland cement 
concrete with reinforcement bars. Survey results described in Section 2 show that rigid 
pavements make up approximately 6 percent of the total miles constructed within the surveyed 
areas. The four groups of rigid pavements are described below. 
 
Jointed Plain Concrete Pavements (JPCP). These pavement types are built from plain 
concrete. The spacing of transverse joints varies from 15 to 30 feet depending on the type of 
aggregate, environment, and prior experience. Dowel bars may or may not be used in this type of 
pavement, varying by states. 
 
Jointed Reinforced Concrete Pavements (JRCP). Steel reinforcement in any form provided in 
the pavement does not increase the structural capacity of the pavement but spacing between 
transverse joints. Although the amount of distributed steel increases with the longer joint 
spacing, the number of joints and dowel bars decreases, which practically reduces the 
maintenance costs of the pavement. 
 
Continuous reinforced concrete pavements (CRCP). This type of pavement is used to 
eliminate transverse joints. It contains adequate steel reinforcement to carry the load in the 
cracked concrete sections. 
 
Prestressed concrete pavements. Because of the weakness in tension in concrete, the pavement 
is prestressed in order to increase tension capacity of the concrete and to be able to carry more 
loads. Also, the thickness of pavements can be reduced, and the spacing can be largely increased. 
Prestressed concrete pavements are widely used in airport pavements not highway pavements 
due to high labor costs. 
 
3.2.3. Composite Pavements 
 
Composite pavements are a combination of a flexible hot mix asphalt layer and a rigid portland 
cement concrete layer, to provide a strong base and a smooth, nonreflective surface. This type of 
pavement is rarely built as a new construction although it is a desirable type of pavement from an 
economic viewpoint. These pavement types are usually found as a result of rehabilitating rigid 
pavements by using the flexible pavements as overlays. 
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3.3. Low-Volume Flexible and Built-Up Road Pavements 

 
In general, all of the types of pavements described above are typically constructed in areas 
ranging from moderate to large communities. In small cities and counties, most pavements are 
built in the forms of (1) low-volume flexible roads and (2) built-up roads. Survey results 
described in Section 2 show that the low-volume flexible and built-up roads make up 
approximately 39 percent of the total miles constructed within the surveyed areas. Because of the 
wide use throughout the country of flexible and built-up roads in local government jurisdictions, 
this report will emphasize these pavement types. 
 
The structure of low-volume road and built-up road pavements are usually the same as flexible 
pavements mentioned earlier. They are composed of a surfacing layer, a base course, and a 
subbase. The only difference in these two systems is the material used for the wearing surfaces. 
For the low-volume flexible pavements, the surfaces are often built from hot mix asphalt. The 
surfaces of built-up road pavements can be constructed of cold-mix asphalt, chip seal, or 
aggregate such as gravel. The properties of the low-volume flexible pavement structures are 
similar to the built-up pavement structures. Some significant properties of these two types are 
presented below: 
 

• Base courses: The layer of material beneath the wearing surface of pavement contains 
little or no fines in order to provide the drainage, and it is, generally, well graded to resist 
the deformation of the base courses. 

• Subbase courses: The layer of material below the base courses is compacted to relatively 
high densities due to the high distribution of loads from the surface. 

• Subgrade: The material beneath the subbase has a number of factors affecting its 
performance, such as compaction, strength and density, and drainage. 

 
3.4. Pavement Distresses 
 
Distress is one of the most important factors that influence the performance of pavements. A 
variety of pavement distress can occur due to different causes such as load application, materials, 
environmental problems, etc. Huang (1993) recommends that each type of distress be treated 
separately by developing a different application depending on the cause of distress. Examples of 
pavement distresses are shown in Table 1 for flexible pavements, Table 2 for rigid pavements, 
and Table 3 for aggregate-earth surfaced roads (tables according to Modern Pavement 
Management, Hass 1994). The severity level of pavement distress is another important key in 
evaluating pavement condition. The severity levels in various types of distress in different types 
of pavement will be discussed in Section 5.2, “Pavement Condition Index.”  
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4. INVENTORY METHODOLOGY 
 
The pavement inventory is the foundation of any roadway management system since it supports 
the other system components and provides the information to all components. Developing the 
inventory of the pavement network is one of the most important procedures in the 
implementation of an RMS. It must be well planned so that all data can be collected, used, and 
analyzed effectively in other components of the RMS. The level of detail of existing facilities in 
this process varies by the requirements of local government agencies. The proposed inventory 
should, at least, be able to answer these kinds of questions: 
 

• What data needs to be collected 
• How the data will be used 
• How and when the data collection will be done 

 
It is also imperative that in the proposed inventory program only necessary information be 
established to shorten the time and increase the cost-effectiveness of the data collection process. 
Data storage can be as simple as a card file, or data forms and system files can be designed and 
then gathered into computer applications depending on the size of the project and network. 
Another key element in building an RMS inventory is to determine how the network should be 
divided into segments, and the size and boundary of each segment. Followings are the definitions 
in the inventory program: 
 

• Network: all paved and unpaved roads providing ground access. 
• Project: a section of roadway having similar age, geometry, and construction type. 
• Segment: a subdivision of a project. There may be one or more segments within a 

project, such as city blocks. 
• Sample unit: a subdivision of a segment allowing detailed analysis and recording of 

facility defects. It is commonly, though not always, a 100-foot portion of a segment. 
 
4.1. Type of Segments 
 
The type of segments can be generally categorized into two groups: 
 

• Static segment: the data such structure, environment exposure, traffic, etc., are uniform 
throughout its length. 

• Dynamic segment: it requires different treatments for different portions due to 
inconstant characteristics of the data. 

 
4.2. Referencing Methods 
 
Before the network can be divided into segments, a referencing method has to be selected. There 
are four basic referencing methods used to define pavement sections (Hass 1994). However, it 
would be the best to review the current method performed by local agencies so that the existing 
method versus the need of a new method can be determined. Those methods include the 
following: 
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• Route-milepost: The starting point of the route is defined and the consecutive number 
are attached on the mileposts along the length of the route to outline segments. 

• Node-link: Intersections, boundaries, and points of change are usually used as nodes to 
delineate segments within the network. 

• Branch-section: General features of the pavement network are defined as branches, and 
homogeneous units of the branches are defined as sections. It is developed by the Corps 
of Engineers. 

• Geographic information system (GIS): Each characteristic of data is obtained from the 
network and then collected into computer applications. When any feature of the data is 
needed, the GIS will present sections based on that kind of data. 

 
4.3. Defining the Facility Network into Segments 
 
The primary purpose of this task is to divide the whole network to segments so that uniform 
characteristic segments or similar maintenance actions used to treat those segments within the 
network may be grouped together. The boundary is primarily used to separate segments, not to 
define segments. Following are factors indicating the boundaries between segments. 
  
Factors indicating boundary: Manmade boundary: 

  
• Change in number of traffic lanes • Roadway intersections 
• Change in pavement type • River or streams 
• Change in pavement structure  • Bridges 
• Abrupt change in traffic volume or patterns  • City or township limits 
• Change in drainage characteristics • County lines 
• Change in natural subgrade characteristics • Railroad crossings 
• Difference in previous construction projects  
• Pavement maintenance history  

 
Once the boundary and referencing method are chosen, the entire network can be divided into 
segments. 
 
4.4. Network Level versus Project Level 
 
The data collection process is time-consuming and expensive. Excessive data collection has 
created problems in implementation and in the continued use of an RMS.  Before any data are 
collected, it is important to understand the differences between network and project level 
pavement management to define which level of detail is actually needed. 
  

• Network level RMS: This level is related to program and policy issues for the entire 
network. The principal results of network level analysis include such maintenance and 
rehabilitation needs, funding needs, prioritized listings of sections needing repair, and 
forecasted future conditions for various funding options. In other words, the basic 
purpose of this level is normally related to the budget process. Therefore, a network level 
analysis will be of the most use and interest to the mayor, manager, budget director, etc. 
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• Project level RMS: More complete data must be collected on individual facilities, and 
identified by the network level analysis as primary candidates for maintenance or 
rehabilitation. The primary results of project level analysis include an assessment of the 
cause of deterioration, identification of possible design, and strategies planned for 
maintenance and rehabilitation actions. In other words, the basic purpose is to provide the 
best original design, maintenance or rehabilitation strategy possible for a selected facility 
for the funds available. 
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5. EVALUATION OF CURRENT CONDITION 
 
Once the pavement management level has been established, it is imperative that an appropriate 
method be used to obtain information from selected pavements so that the data can be analyzed 
and used effectively regarding objectives of a project. Several methods are currently used by 
local government agencies to evaluate the current pavement condition. Those methods can be 
normally categorized into four primary groups: (1) visual inspection rating, (2) nondestructive 
testing (NDT), (3) destructive testing, and (4) others. The uses and applications for each method 
are described below: 
 

• Visual inspection rating: This evaluation method is most commonly used by local 
agencies. The data, such as distress types, severity level, and extent, are measured and 
collected to analyze the existing condition of pavements. Section 5.1, “Pavement 
Condition Rating by Visual Inspection,” gives the detailed procedure for this method. 

• Nondestructive testing: This evaluation method is mainly used in the roadway design 
and for project level information to enhance the data collected through visual rating 
method. Some agencies may use NDT data for network as well as project level 
evaluation. An agency may use NDT to identify problems, examine their extent, and 
solve them effectively. The NDT methods have certain advantages, such as on-site 
information about physical properties of the pavement, no damage to the pavement, 
minimal laboratory tests, and timely and efficient data collection. Examples of NDT are 
plate bearing tests, curvature meter, Benkelman beam, and falling weight deflectometer. 

• Destructive testing: This evaluation method is primarily used to support design analysis 
in identifying roadway makeup, analyze reasons the facility failure, and evaluate 
solutions for facility improvement. This test includes boring, coring, and laboratory 
testing. 

• Others: In addition to the above classes of evaluation methods, other methods have been 
developed and used in the field such as ride quality, roughness, and skid resistance. 

 
Some local government agencies may use more than one of these techniques to obtain data from 
selected pavements more accurately and to better fit their needs. 
 
5.1. Pavement Condition Rating by Visual Inspection 
 
Visual inspection can be accomplished in two fundamental manners: (1) manual visual 
inspection and (2) automated visual inspection. 
 

• Manual visual inspection is usually performed by one or two people either driving at a 
slow speed and stopping occasionally or walking through selected segments. These 
inspections can be performed depending on budget and level of detail in a proposed 
RMS. Apparently, walking provides more accurate and more detailed data than driving, 
but it is more expensive and time-consuming. In addition, the accuracy and consistency 
of the data also depend on the experience of the inspectors who perform the survey. 

• Automated visual inspection is mainly performed by using vehicles and cameras, 
ultrasonic sensors, or laser technology with recording equipment to record pavement 
condition for further processing. The inspection of the pavement can be replayed and then 
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analyzed by a software program or inspectors. Current automated systems include the 
PASCO ROADRECON system developed by the PASCO Corporation, GERPHO 
System, Automatic Road Analyzer (ARAN), and Laser Road Surface Tester (RST) 
developed by the Swedish Road and Traffic Research Institute (Hass 1994). 

 
Establishing a data form to store data is very helpful as that ensures that all information is 
obtained systematically and can be easily input to generate data for computer applications, if 
available. The form can be either a paper or computer form depending on the data collection 
location, size of project and network, and budget (Hass 1994). The examples of paper forms used 
in the data collection in the field are provided in Appendix B. 
 
The frequency of the inspection of pavement condition normally varies by local government 
agency. A two-year inspection interval is considered normal. However, our survey results 
described in Section 2 show that a one-year inspection interval of the current pavement condition 
is preferred by local government agencies. Figure 1 presents the flowchart showing broad tasks 
to achieve pavement condition evaluation. 
 
5.2. Pavement Condition Index 
 
There are many indices currently used by local government agencies to determine the pavement 
condition and status at the time of data collection such as Present Serviceability Index (PSI), 
International Roughness Index (IRI), and Riding Quality. Pavement Condition Index (PCI) is 
another way to define the current condition of a pavement. PCI is defined as an index reflecting 
the composite effects of varying distress types, severity level, and extent upon the overall 
condition of pavement. 
 
PCI values range from 0 to 100, which are defined as failed and excellent condition, respectively. 
The PCI value is decreased by a cumulative deduct value score based upon the type, quantity, 
and severity level of distress and type of pavement. The mathematical expression for PCI is 
shown as follows: 
 

PCI  =  100 - Σ corrected deduct value (CDV) (1) 
 
The qualitative expressions in term of pavement quality associated with PCI are described in 
Figure 2. 
 
The types of distress are a strong indicator of pavement condition. There are several factors that 
combine to produce a particular type of distresses in both low-volume and built-up road 
pavements. These factors include pavement type, quality of material used to build the road, 
traffic volume, traffic load characteristics, and environmental exposure. In addition, these factors 
also influence the severity level, the extent, and the occurrence and frequency of the distress. 
Consequently, from the viewpoint of assessing pavement performance, it is essential that 
different values of rating be assigned to different types of distress as well as to distress severity 
levels and extent. 
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Figure 1. Condition Evaluation Flow Chart 
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PCI
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Excellent: Normal maintenance needed with perfect phisycal condition, and well above current standards

Very Good: Preventive maintenance needed and meets current standards

Good: Routine and preventive maintenance needed, meets standards with minor defects and acceptable physical condition

Fair: Minor rehabilitation needed to return to acceptable Level of Service (LOS)

Poor: Major rehabilitation needed

Very Poor: Reconstruction, significant renewal, and upgrade needed, asset barely serviceable 

Fail: Replacement

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Qualitative Expression in Terms of Pavement Quality Associated with PCI 
 
 
The key to a successful evaluation is to identify the different types and severity levels of 
pavement distresses for each type of pavement such that the actual condition of the pavement is 
defined and applied to calculate PCI. Appendix C presents several distress types and severity 
levels for low-volume flexible and built-up road pavements. After the distress types, severity, 
and extent on the pavement are determined, the information may be then used to compute the 
deduct value of the concerned pavement. 
 
The deduct value for each type of pavement and distress is obtained separately at low, medium, 
and high severity levels, from the deduct value curves provided in Appendix D for the observed 
pavement density of distress. These deduct value curves have been derived from practical 
experience and engineering judgment and may change with more experience. The summation of 
deduct value from different severity levels for each type of distress is computed, and if there is 
more than one type of distress on selected pavements, the summation of all deduct values must 
be computed. In addition, if the summation of all deduct values is greater than 100, which is the 
highest score that PCI can have, the summation of all deduct values must be adjusted by using 
the corrected deduct value curve, given in Appendix E. After the deduct value is corrected from 
the curves, it is then applied in Equation 1 to determine the PCI of the evaluated segment. The 
flowchart presenting the procedure to calculate PCI is shown in Figure 3. 
 
Once the PCI is determined indicating the current pavement condition, then agencies should be 
able to decide what strategy would be best suited to maintain or improve the pavement condition 
such as content and type of maintenance, rehabilitation, or reconstruction actions. 
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Figure 3. Flowchart Presenting the Procedure to Calculate PCI 
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6. INTEGRATION OF RMS WITH GEOGRAPHICAL INFORMATION SYSTEMS 
 
For long-term successful use of an RMS, it is significant that the data as well as the new 
pavement management technology be kept up-to-date. This section briefly reviews a sampling of 
new technologies that are beginning to impact the way agencies go about asset management such 
as geographic information system (GIS), the integration of a RMS with other management 
systems, and the approach to establishing central database. 
 
The linking of roadway management systems to maps of the roadway network is due in part to 
the fact that it is often much easier to communicate some types of information about the road 
system using maps. In particular, these maps provide a way to display information that is easily 
understood by management, elected officials, and the public. Some advantages from the 
integration of RMS with GIS are listed below: 
 

• Ability to analyze pavement management data based upon geographical location 
• Ability to display results of database queries and asset management analyses on a map of 

the roadway network 
• Ability to view asset conditions and projected work programs on a map of the roadway 

network 
• Ability to view asset conditions across other geo-referenced information such as traffic, 

neighborhood soil conditions, and zoning 
 
6.1. Systems Displaying RMS Information on Maps 
 
There are two basic options available for agencies to display RMS information on maps: 
 

• Automated mapping software, such as the computer application AutoCAD, may be 
used by developing an interface to the RMS database. This method is relatively 
inexpensive and simple.  It provides the user with the ability to display RMS data on a 
road network map but little support for the analysis of data. It can also become 
cumbersome and time-consuming to maintain this type of system. 

• Geographic information systems such as computerized data management systems that 
provide the ability to rapidly acquire, store, and access spatially referenced information. 
Combining RMS and GIS software takes advantage of the strengths of each, linking time-
dependent pavement data with geographic or location-based data. 

 
6.2. Components of GIS 
 
There are a number of commercially available GIS software packages; however, the basic 
structure of a GIS remains the same from program to program: 
 

• Geographical database contains data that define the physical location of features, such 
as a segment of road. 

• Attribute database contains the non-geographical data, such as segment names and 
facility age describing a geographical feature. 
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• Geo-relational data structure links the location and attributes data. The link will 
establish the relationship between the location of features in the geographical database 
and their corresponding descriptions in the attribute database. While the attributes may 
change frequently, such as every time a pavement is overlaid, the location information 
should not. 

 
6.3. Approach to Establishing a Central Database 
 
One approach to establishing the central database is using GIS as the platform. Since many 
utilities, such as water, sewer, telephone, and cable, often occupy the same physical right-of-way 
as streets, a GIS would provide an excellent basis for integrating the systems. It is important for 
government agencies to make sure that their existing separate infrastructure management 
systems can transfer information to one another when needed either by linking systems in some 
way or by using conversion tables between systems. 
 
New technology with possible applications to asset management becomes available everyday. It 
is the maintenance manager’s responsibility to keep abreast of new testing methods, equipment, 
or software that could improve the asset management process. Excellent ways to monitor new 
technology include reading technical publications, attending conferences and workshops, and 
self-study. 
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7. GENERATING STRATEGIES AND ALTERNATIVES FOR MAINTENANCE, 
REHABILITATION, AND RECONSTRUCTION (MR&R) ACTIONS 
 
Strategic RMS is the process of establishing long-range and short-range maintenance 
improvement goals and defining the approach to meet those goals. Maintenance can be defined 
as both preventive and corrective. Basically, maintenance consists of a set of activities directed 
toward keeping pavement in a serviceable state. The recommended alternative strategies for the 
pavement are based upon the pavement defect rating, pavement riding quality, pavement 
thickness design criteria, roadway traffic volume and truck percentage, and roadway functional 
classification. The basis for selecting the strategy also depends on the magnitude of the problem 
and the availability of resources. More factors affecting maintenance action selection include 
level of concern, traffic level and characteristics, soil classification, cost of action, and available 
budget. In addition, the overall rating, actual distresses and their causes, and performance of 
pavements over time should be analyzed to determine the most appropriate strategy to improve 
the roadway network. 
 
A comprehensive approach to road management requires the development and use of 
maintenance, rehabilitation, and reconstruction strategies, in order to effectively maintain the 
roadway network. These MR&R strategies, when combined with specific road condition 
information such as pavement condition survey, pavement riding quality, and functional 
classification, lead to specific MR&R actions. There are five basic strategies used by most 
government agencies for MR&R actions: 
 

• Routine maintenance requires roadway maintenance in proper operational condition and 
a relatively high pavement performance level. To prevent the growth of severity level of 
deficiency from small defects, routine maintenance must be performed on a schedule. 
The funds should be generated for routine maintenance each year. 

• Preventive maintenance is designed to correct deterioration before developing into a 
serious problem. It is intended for pavements that are already in reasonably good 
condition. Preventive maintenance should be programmed systematically into the budget. 

• Deferred action is applicable when the pavement condition has deteriorated to the point 
that routine and preventive maintenance is no longer cost-effective but there is no need of 
major rehabilitation. 

• Rehabilitation refers to extensive corrective actions to repair a facility that has 
deteriorated passed a condition that cannot be corrected through routine or preventive 
maintenance. Treatments are applied to return the facility to a condition similar to its 
original condition. This may increase its structural capacity. 

• Reconstruction may be done in those cases where the roadbed foundation or bridge 
condition has failed, or when improvements in alignment, drainage, or widening have 
become necessary, or maintenance is not cost-effective, a full reconstruction or 
replacement is undertaken. 

 
In practice, we can decide which strategy should be applied based on evaluated PCI of the 
pavement within a roadway network. Without any maintenance action, the pavement 
performance, indicated by PCI, decreases every year. The range indicating each level of service 
associated with PCI is established so that the need for maintenances, type of need, and time can 
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Level of Service A

Level of Service B

Level of Service C

Level of Service D

Level of Service E

Level of Service F

Routine Maintenance

Preventive Maintenance

Rehabilitation

Major Rehabilitation or Deferred Action

Reconstruction

10 0

9 0

8 0

7 0

6 0

5 0

4 0

3 0

2 0

10

0

PCI

Year

be then determined based upon PCI value only. The range for each level of service and types of 
needed maintenance actions are provided in Figure 4. Following are the definitions describing 
each level of service: 

 
• Level of Service A: A pavement is in relatively excellent condition. It needs routine 

maintenance to arrest early signs of deterioration and to extend the pavement life. 
Pavement may have localized deterioration and low-severity hair cracking. 

• Level of Service B: A pavement is in very good condition. It needs preventive 
maintenance to arrest early signs of deterioration and to prevent the development of more 
serious pavement problems. 

• Level of Service C: A pavement is in somewhat good condition. It needs routine and 
preventive maintenance to maintain a relatively good performance level. The pavement is 
starting to deteriorate and is approaching a critical PCI. 

• Level of Service D: A pavement is in fair condition, continuing to deteriorate and starts 
suffering a reduction in performance levels. Beyond this level, the rate of pavement 
deterioration and the cost of repair increase significantly. This level represents a critical 
pavement condition. 

• Level of Service E: A pavement is in poor condition. It has deteriorated so much such 
that preventive and rehabilitation maintenances are no longer cost-effective. The 
pavement suffers a major reduction in performance level. It may be kept in this level until 
budgets permit specific action. 

• Level of Service F: A pavement is in failed condition. Major reconstruction or 
replacement is needed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Maintenance Activity and Time for Each Level of Service Based on PCI 
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Once the type of maintenance is selected by local government agencies, the feasible actions for 
maintenance or rehabilitation can be applied subsequently based upon pavement types and types 
of maintenance actions. Figures 5, 6, 7, and 8 represent typical maintenance and rehabilitation 
feasible actions for flexible, chip seal, cold mix, and aggregate surface roads, respectively. 
 
The selection of repair strategies can be achieved in many ways such as performing economic 
analysis to providing cost information and the basis for making a management decision, or 
decisions based on past experiences. Another method to generate repair strategies to the roadway 
network is the use of information collected previously. Similar to the deduct curves, this method 
has been based on practical experience and engineering judgment and may change with more 
experience. The strategy keys, level of concerns, and other values needed in the flow charts are 
provided in Appendix F for different pavement types. The distress types, severity level, and 
extent determined earlier from concerned segments are used in these flow charts to provide 
appropriate maintenance and repair alternatives to local government agencies. 
 
The combination of basic strategies and repairing alternatives will guide local government 
agencies to efficiently improve the pavement performance of the roadway network. In other 
words, the broad MR&R strategy needed for the roadway network is first determined based upon 
only the current PCI of pavements, and then the details to repair pavement segments are 
generated depending on distress type, severity level, extent, and type of pavement. Therefore, 
local agencies are able to roughly prepare or plan their budget at both the project and network 
level. 
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8. PAVEMENT PERFORMANCE PREDICTION MODEL 
 
All guidelines stated earlier provide local government agencies the information, such as the 
current pavement condition and the method to generate MR&R actions. Based on that 
information, the agencies can decide the maintenance or improvement needs for the pavements 
according to their budgets at the present time. However, the future tasks and MR&R actions 
needed for the roadway network cannot be established without a pavement performance 
prediction model. Pavement performance prediction is one of essential components of an RMS 
because it forecasts the pavement condition such that maintenance and rehabilitation strategies, 
schedules, and budgets can be well planned ahead of time.  
 
The prediction model is principally developed based on PCI values previously collected from the 
roadway network with the view of coordinating with other components of an RMS such as the 
inventory methods, data collection and analysis process, and MR&R strategies established 
earlier. Actual PCI values may be observed from the roadway network for (1) different pavement 
types and (2) maintenance strategies applied on those segments. A deterioration curve may then 
be plotted based on the collected data between PCI value and pavement age in years starting 
from the most recent rehabilitation date or original construction date for a new pavement. 
Appendix G gives deterioration curves based upon the data collected from the field for 
pavements subjected to a variety of maintenance actions. We see from these deterioration curves 
that although different maintenance actions have similar overall deterioration behavior, the rate 
of deterioration varies significantly. These field measured deterioration curves may be utilized to 
obtain a pavement performance prediction model by developing a mathematical relation for the 
pavement deterioration behavior. This pavement performance prediction model may then be used 
to forecast the PCI value of pavement in the future based upon the previous information. 
 
Based upon the shape of measured deterioration curves shown in Appendix G, a general 
expression for the curve for pavement performance prediction may be expressed as follows: 
 

),,( 21 AgeKKfAPCI −=  (2) 
 

where 
A = constant number 
PCI = pavement condition index of the concerned segments 
K1 and K2 = constants dependent upon the maintenance strategies applied on  

the roadway network 
Age = pavement age in years 

 
The parameters K1 and K2 of the prediction model may be experimentally established by plotting 
the constant number, A, deducted by the PCI values, (A – PCI), on the logarithmic scale, y-axis, 
and pavement age in years on the normal scale, x-axis. Constant number, A, is arbitrarily 
assumed and compared for best results. The results from the tests show that the higher A-value 
gives the lesser value of the squared correlation coefficient (R2). In other words, the higher 
number of A provides more errors to the pavement performance prediction model. The best value 
for constant number, A, based on the results from the test, is 105. 
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From the curves presented in Appendix G, the lowest and highest value of squared correlation 
coefficient (R2) indicating the errors of the curves are 0.9085 and 0.9963, respectively. This 
means that the curves represent the data very well. K1 and K2 values, provided in Table 4, vary 
for each type of maintenance strategy and by pavement type. The predicted curves are plotted 
against the measured data and presented in Appendix G. In addition, it should be noted that other 
factors such as traffic volume and percentage of trucks may affect the K-values, and the 
pavement performance prediction model may need to be modified. The effect of these factors on 
deterioration behavior requires more research and data information, which is beyond the scope of 
these guidelines. 
 
After rearranging and substituting constant values, the pavement performance prediction model 
is described as follows: 
 

),,(105 21 AgeKKfPCI −=         (3) 
 
where 

PCI = pavement condition index of concerned segments 
K1 and K2 = constant value provided in Table 4 for each maintenance strategy  
Age = pavement age in years 

 
Based upon the developed pavement performance prediction model, we may conclude that the 
pavement deterioration occurs at exponential rates. Furthermore, we note that the parameter K1 is 
related to the initial pavement condition, and that a higher value of K1 corresponds to a poorer 
initial pavement condition. Also, the parameter K2 is related to the rate of deterioration of the 
pavement. A higher value of K2 yields a faster rate of deterioration for the pavement. Finally, we 
remark that this proposed pavement performance prediction model is based upon the data 
collected for 12 different types of maintenance actions, initial pavement conditions, and average 
daily traffic (ADT). There, it is possible that a different pavement performance prediction model 
may be needed for maintenance strategies not considered above. 
 

Table 4. K1 and K2 Values Using Equation 3 to Predict PCI for Selected Pavement Age 
  

),,(105 21 AgeKKfPCI −=
Pavement Types Condition ADT Percent 

Trucks K1 K2 
Slurry seal Poor <5,000 <5% 10.2730 0.2879 
Slurry seal Poor >5,000 >5% 21.3210 0.2987 
Slurry seal Fair <5,000 <5% 8.3038 0.3700 
Slurry seal Fair >5,000 >5% 13.7270 0.3977 
2" AC overlay Poor <5,000 <5% 13.3300 0.3169 
2" AC overlay Poor >5,000 >5% 11.1980 0.5214 
4" AC overlay Poor <5,000 <5% 9.0810 0.2618 
4" AC overlay Poor >5,000 >5% 11.4360 0.2687 
8" stabilized base plus 4" AC overlay N/A N/A N/A 6.2921 0.2336 
4" base stabilization plus double chip seal N/A N/A N/A 5.0725 0.8529 
8" base stabilization plus double chip seal N/A N/A N/A 5.8372 0.5814 
8" stabilized base plus 2" AC overlay N/A N/A N/A 9.0655 0.2904 
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From the viewpoint of predicting pavement performance, Equation 3 may be utilized to estimate 
the PCI of a pavement at a selected time. Table 5 gives examples of the comparison between the 
actual field measured PCI and the PCI predicted using Equation 3 for two cases. An encouraging 
comparison is obtained between the predicted values and the measured values; however, in some 
cases the predicted values indicate a different qualitative pavement condition, described in 
Figure 2, as opposed to that indicated by the measured value. 
 

Table 5. Examples of the Comparison between Actual PCI and Predicted PCI 
 

Type of Pavement Pavement Age Actual PCI Predicted PCI from Equation 2 

0 95 94.73 
1 92 91.30 
2 86 86.73 
3 80 80.63 
4 71 72.50 
5 59 61.66 
6 50 47.20 

Slurry seal 
Poor condition 
<5000 ADT 
<5% trucks  

7 31 27.92 
0 85 83.68 
1 75 76.25 
2 64 66.25 
3 52 52.76 

Slurry seal 
Poor condition 
>5000 ADT 
>5% trucks 

4 38 34.58 
 
 
Once the forecasted PCI is computed based upon the pavement performance prediction model, 
the agencies could efficiently plan what maintenance strategy and repair action they should apply 
to the roadway network in the future. Also, the schedule to perform those actions as well as the 
funding needs may possibly be generated for the roadway network every year at all project 
levels. 
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9. LIFE CYCLE COST ANALYSIS 
 
A major goal of any road agency is to use public funds to provide safe, comfortable roads with 
the greatest possible economy. This process requires balancing priorities and making difficult 
decisions to manage pavements efficiently. The selection analysis of the best strategy, which 
provides longer service life with lower cost, involves the following considerations: 
 

• Information such as detailed unit costs, condition ratings, service level, and maintenance 
cost for each feasible alternative strategy for the project under consideration that may be 
used to determine an overall cost of the strategy. 

• Detailed calculations of costs and benefits associated with each alternative strategy over 
the analysis period, discounted to present worth. These calculations require predictions of 
the expected performance of the pavement under each strategy and estimates of increased 
maintenance and user costs associated with the deterioration of the pavement. 

• Means of comparing several feasible construction or rehabilitation alternatives to select 
the best strategy for maximizing total benefits or minimizing total costs over an analysis 
period. 

 
As a result of this selection analysis, a recommended action strategy may be developed for the 
project. This action strategy may include annual reconstruction needs, rehabilitation needs, 
routine and preventive maintenance needs, and anticipated strategy performance. 
 
The economic evaluation of a maintenance strategy will include costs of providing that 
alternative to agencies in terms of materials, construction, maintenance, and the cost savings 
(salvage value) of the existing base material when it can be recycled. These are then incorporated 
into an economic model to determine total costs and benefits. 
 
Economic analysis can be performed in many forms such as decision criteria and constraints, 
decision criteria and selection, pavement maintenance and rehabilitation cost, and life cycle cost 
analysis. The life cycle cost analysis is designed for low-volume to medium-volume roads 
including flexible, built-up, and gravel roads, and it will be discussed in this section. Some of the 
terms involved in the analysis are described below: 
 

• Analysis period depends upon the pavement type, the roadway functional classification, 
and the traffic volume. The analysis period should extend over the expected service life 
of the improvement for each type of pavement. In general, for low-volume roads, 
analysis periods in the range of 7 to 15 years are reasonable. 

• Discount rate is used to combine future costs with initial costs, or to reduce future 
expected costs to present terms. It provides the means to compare alternative uses of 
funds. A single discount rate between 3 and 7 percent has been used for economic 
evaluation of low-volume roads. 

• Salvage value is a significant factor involving the value of reusable materials at the end 
of the design period. Most of the low-volume road’s pavement surface and base can be 
recycled by reworking or reprocessing and be used as a base material for new pavement. 
Salvage value can be represented as a percentage of the original cost or as an estimate of 
the benefit remaining due to previous improvements. 
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9.1. Total Cost of Each Strategy 
 
The total cost of each strategy can be obtained from the following equations: 
 

Total cost = MC + RehC = RecoC – Salv (4) 
 
where 

Total cost = total maintenance cost of each rehabilitation or reconstruction strategy 
 Salv = salvage value 

Mc = routine and preventive maintenance costs from year one given by 
 

  N 

MC = Σ { MCj × [ 1 / (1 + i)n ] } (5) 
j = 1  

 
where 
 MCj = maintenance cost for each period in a cycle 
 (1+i)n = present worth value of one dollar 
 i = interest rate 
 
and 
 RehC = rehabilitation cost for the selected strategy given by 
 

RehC = Σ [ Rehcj + PreC ] (6) 
 
where 
 Rehcj = total cost of rehabilitation strategy 

PreC = total cost of pavement preparation prior to rehabilitation application 
 
This cost can be determined based on existing PCI, which will show the extent of exiting 
pavement deterioration. 
 
and 

RecoC = total reconstruction cost for selected strategy 
 

RecoC = Σ [ Recocj + Salvj ] [ 1 / (1+i)n ] (7) 
 
where 

Recocj = reconstruction cost 
Salvj = cost saving due to salvage value of existing pavement reprocessing or reworking 

 



43  

In addition, construction staging cost must also be considered in the life cycle cost analysis. Most 
of the existing pavement management systems available today ignore this cost in determining the 
economic evaluation of MR&R actions. The total costs used by these systems are based on user 
costs such as travel time and vehicle operation costs, and agency costs such as initial 
construction, maintenance, and rehabilitation costs. These systems claim that the delay and 
increasing vehicle operation costs during the construction appropriately account for the 
construction staging cost. However, it is not appropriate to include low-volume road user costs in 
the economic evaluation because delay and vehicle operation are not significant enough to be 
considered in the economic evaluation, nor do the user costs represent agency expenditures. In 
fact, the user costs are subject to a high degree of uncertainty and are, therefore, not precise 
enough to yield definitive solutions to problems. Therefore, it is suggested that for the selection 
of the best type of strategy for low-volume road pavements, local government agencies should 
limit calculations to agency costs alone and should consider construction-staging cost. 
 
When all the alternative design strategies have been analyzed and evaluated, an optimization is 
conducted to select the best strategy with the least total costs. The manager should make the final 
subjective selection of a maintenance strategy for implementation. 
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10. PRIORITY PROGRAMMING 
 
A primary objective of the maintenance priority program is to determine the optimal group of 
construction project improvements. The priority program will determine which group of projects 
provides the maximum benefit subject to the constraints of available funding and compatibility 
requirements among projects. The best possible use of available dollars can be arrived at through 
a priority analysis. 
 
Prioritizing is the overall process for producing a rank order of priority projects and project 
selection on the basis of factors that are important to each individual local government agency. 
There are several factors that should be taken into consideration in a priority program, as 
described below: 
 

• Pavement condition index (PCI): A calculated number to indicate pavement condition. 
• Average daily traffic (ADT): A higher amount of traffic should have a higher relative 

priority although two pavements may have the same PCI. 
• Roadway functional classification: The priority rating may be adjusted for a road that 

belongs to a more important function class. 
• Roadway location: Priority ratings may be adjusted for roads that are close to urban 

areas. 
• Maintenance history (cost per mile): Priority rating may be adjusted for a road that has 

a high maintenance cost to agency. 
• Pavement riding quality (PQR): A measure of the present serviceability of the road 

surface to the road user, primarily in terms of riding comfort, on a scale 0 to 5. 
  
The priority rating indicates the priority of each strategy. Once the pavement condition indexes 
of the pavement surfaces are calculated and total needs are determined, priority-ranking lists for 
specific maintenance and rehabilitation activities must be established if the needs cannot be 
addressed immediately. Priorities should be created for each network segment within each 
strategy category. Once this type of decision is made, priorities are restricted to segments within 
each strategy category. 
 
10.1. Mathematical Formulation of Priority Index 
 
One way to classify the priority for each strategy is to assign the priority index for each activity 
such that all actions can be ranked numerically. From this ranking, all MR&R actions can be 
efficiently planned in the appropriate year of the local government agency’s short-term and long-
term preparation based on the needs. Following is the formula used to calculate priority index: 
 

Priority index = {[0.65 × PCI] + [0.10 × TF] + [0.05 × FC] + [0.10 × LF] + [0.05 × MH] + [0.05 × PRQ]} 
 (8) 
 
where 

PCI = pavement condition index 
TF = traffic factor provided in Table 6 
FC = roadway functional classification factor provided in Table 7 



46  

LF = roadway location factor provided in Table 8 
MH = maintenance history factor provided in Table 9 
PRQ = pavement riding quality provided in Table 10 

 
By considering all of the above factors, the priority index can be computed from Equation 8. It is 
essential to understand that a lower index number indicates higher priority. After the priority 
index for each strategy is established, this will lead agencies to successfully generate all 
activities needed for the improvements to fit their budgets. 
 

Table 6. Traffic Factor Based on ADT 
 

ADT Range Traffic Factor (TF) 

0–49 100 
50–99 55 

100–199 50 
200–299 45 
300–399 40 
400–499 35 
500–599 30 
600–699 25 
700–799 20 
800–899 15 
900–999 10 
 1,000+ 0 

    
 

Table 7. Roadway Functional Classification Factor 
 

Functional Classification Roadway Functional Classification Factor (FC) 

Major arterial 10 
Minor arterial 40 
Major collector 50 
Minor collector 75 
Local 100 
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Table 8. Roadway Location Factor 
 

Roadway Location Roadway Location Factor (LF) 

Urban 0 
Suburban 50 
Rural 100 

    
 

Table 9. Maintenance History Factor 
 

Maintenance Cost Maintenance History Factor (MH) 

Very high 0 
High 25 
Average 50 
Low 75 
Very Low 100 

    
 

Table 10. Pavement Riding Quality Factor 
 

Pavement Condition Pavement Riding Quality Pavement Riding Quality Factor 
(PRQ) 

Very good 5 100 
Good 4 75 
Fair 3 50 
Poor 2 25 
Failed 1 0 
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11. REPORT GENERATING METHODS 
 
After obtaining the budget results from the RMS, the job of the pavement managers changes. 
The focus becomes how to “sell” the program to the elected board or council. Due to the 
technical nature of the data and the analysis, it is desirable to translate the findings from the RMS 
into clear terms that are understandable to decision makers and the public who are not technical 
experts or engineering professionals. 
 
In presenting the RMS findings to the decision makers, it is important to be brief and to point out 
key facts that will enable them to make better decisions. Key areas of the budget presentation 
might address the following: 
 

• The current condition of the infrastructure network 
• The future condition of the infrastructure network, at different funding levels 
• How much deferred maintenance will occur and what its cost will be if the current 

funding level does not allow for all of the roads to be fixed 
 
With a computerized RMS, the key factors outlined above can be accessed easily. Pavement 
asset management presentations to city councils and county commissions should be clear and 
accurate, and provide various funding alternatives. 
 
The RMS products, usually in the form of reports or computer outputs, can be divided into 
different categories such as for management, engineers, boards and commissions, legislators, 
media, and other interest groups. Following are example of details that should be included in the 
report: 
 

• The current condition of facilities by project or segment 
• Budget requirements to meet performance objectives, current and future 
• Summary of deterioration (distress) levels over time 
• Condition of facilities as a function of various budget, current and future 
• Site specific plans and performance and/or rehabilitation 
• Priorities for allocating maintenance and rehabilitation funds by project or segment 
• A history of maintenance and rehabilitation by project, segment, or year 
• A summary traffic by route and location 
• Estimated maintenance and rehabilitation costs by project or segment, etc. 

 
The number and types of reports should be carefully controlled and distributed; otherwise, 
potential users could be overwhelmed with information. Reports for management and legislators 
should be in the form of a summary with a minimum of technical detail. The reports listed 
previously indicate the types of information available from the RMS. Not so obvious at first is 
the number of RMS benefits for the agency and for the public in general. An agency will benefit 
by being able to maximize the effectiveness of each dollar available for maintenance and 
rehabilitation. And the public benefits through an asset management program that provides a 
maximum level of service for their tax dollars. 
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12. SUMMARY 
 
The guidelines for a roadway management system (RMS) include a step-by-step procedure to 
assist local government agencies in coordinating, generating, and planning the maintenance, 
rehabilitation, and reconstruction strategies to pavements within the roadway network with the 
minimum cost or to fit their funds and available resources. By developing a customized RMS, 
local government agencies will be able to establish the data inventory, evaluate the current 
pavement condition, address problems on pavements, select the appropriate maintenance 
strategy, forecast the pavement condition in the future, perform the life cycle cost analysis, and 
achieve the priority program. 
 
As a part of these guidelines, Section 2 describes the survey results conducted to gather 
information regarding the current roadway management practices of the local government 
agencies throughout the United States. It was also intended to explore information related to the 
roadway management tools and practices used and developed by agencies to manage their 
roadway networks. Moreover, a review of current issues concerning the development of an RMS 
is performed by searching the materials related to the RMS such as articles, technical documents 
developed by government agencies, and textbooks. The results from these surveys were refined, 
customized, and then applied to the proposed RMS guidelines. 
 
Section 3 provides detailed background information, such as definitions and terms used in 
pavements, types of pavement, types of pavement distress, to encourage consistency of usage 
and understanding since these terms may vary from region to region and from one local 
government agency to another. 
 
Section 4 provides an understanding of the data inventory methodology that is established for the 
data collection process. Also, this section defines the facility network in terms of segment 
methods that local government agencies can appropriately select regarding their available 
resources and their needs. In addition, the level of data for project and network levels can vary, 
so it is essential for local government agencies to be able to identify the difference of the level of 
data for both levels, which is also included in this section. 
 
Section 5 presents the pavement condition evaluation method and procedure to perform the 
evaluation according to the data inventory established earlier. Although there are several indices 
used by local government agencies throughout the United States, the Pavement Condition Index 
(PCI) is considered a significant index for these guidelines to develop other components of a 
proposed RMS. The PCI value on the concerned pavements can be obtained by using the 
observed data collected from the data collection process, the deduct value curves provided in 
Appendix D, the corrected deduct value curves provided in Appendix E, and Equation 1. After 
the PCI of the concerned pavements is determined, it is then used to generate the repair and 
maintenance actions or compare the best alternatives for pavements in other components of the 
proposed RMS. 
 
Section 6 shows the guidelines in order to integrate an RMS with geographical information 
systems (GIS). The integration of these systems will help local government agencies to keep 
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pavement data up-to-date. This section also provides other advantages acquired from the 
integration, components of GIS, and the approach to use GIS as a platform. 
 
Section 7 provides the method to generate strategies and alternatives for maintenance, 
rehabilitation, and reconstruction actions according to the PCI value obtained previously. By 
establishing this component of the RMS, local government agencies will be able to select the 
best maintenance action applied on pavements for both low-volume flexible and built-up road 
pavements. The flowcharts for generating maintenance strategies for these pavements are 
provided in Appendix F. 
 
The pavement performance prediction model is another essential component of an RMS, 
presented in Section 8. This will assist local government agencies to forecast the pavement 
condition at a selected time. Therefore, the future tasks, needs of maintenance actions, analyzing 
facility life cycle cost analysis, and timing for these actions can be established to fit available 
funds. The pavement performance prediction model, shown in Equation 3, is obtained from the 
analysis of the observed data by developing a mathematical relation for the pavement 
deterioration behavior. 
 
Section 9 explains the procedure to perform life cycle cost analysis, which is mostly used by 
local government agencies to compare alternative maintenance strategies. The total cost for each 
alternative can be computed by using Equations 4, 5, 6, and 7. Then, each alternative is 
compared to select the best strategy that will be most worth the available funds. 
 
Section 10 provides the method to generate a priority program to determine the optimal group of 
construction project improvements. Prioritizing is the overall process for producing a numerical 
rank order of priority projects and project selection on the basis of factors that are important to 
each individual local government agency. This will help local government agencies generate the 
maintenance actions to fit their limited budget. 
 
After a customized RMS is created for a local government agency, it is important that the RMS 
is understandable to those who are not technical experts or engineering professionals, such as the 
elected board or council. Section 11 shows some key elements and guidelines that should be 
included in the report to present the RMS findings to decision makers. 
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