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Abstract 

 

The purpose of this study is to align the pavement distress data of the state of New 

Mexico’s pavement management system with that of the federal highway system, the 

Highway Performance Monitoring System (HPMS), while concurrently reducing 

variability, increasing data consistency, and providing a greater quantity of specific data 

items to be considered in pavement preservation and keeping costs under control. The 

distress rating codes used by NMDOT in reporting severity and extent do not readily 

correlate to the data required in the HPMS system. To form a usable data set for both 

NMDOT’s PMS and the federal HPMS, an entirely new distress data collection protocol 

has been written and field tested. The three levels of testing include interrater agreement 

and interrater reliability across the “old” protocol, the “new” protocol, and actual field 

measurements to judge the accuracy of both old and new methods. By doing this, the 

accuracy and validity of the pavement distress surveys are expected to increase. The 

objectivity and integrity of the NMDOT distress rating criteria for flexible pavements 

should also be increased through a revision of the old criteria.    
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Chapter 1 

Introduction 

This research aims to improve upon an existing method of manual data collection that the 

New Mexico Department of Transportation (NMDOT) uses in order to assess the 

condition of their pavement network. Because federal reporting requirements changed in 

2010, it was important to make adjustments in the way data are collected in order to 

simplify the process and provide a data set that can be used to fulfill both state and 

federal mandates. A new protocol for this collection was written, tested for consistency, 

and validated in the field using actual pavement sections to calibrate the results and verify 

the accuracy of the new protocol.  

1.1 Overview 

Since the advent of the automobile in the early 20
th

 century, there has been a demand for 

high quality roads. By the 1950’s, the construction of the Interstate Highway System was 

well on its way, and road users began demanding more roads at even higher quality. 

Many of the first roads built are obsolete by today’s standards, as pavements built today 

can be engineered to meet a variety of needs—greater durability, enhanced skid 

resistance to improve safety; and, a smoother ride to satisfy the traveling public. 

According to the National Center for Pavement Preservation (2010), there are  

2,319,535 miles of paved roads in the United States representing billions of dollars in 

investments. Now, we are faced with a huge problem. The vast system of pavement that 

has been built over the last 50 years is in various states of disrepair, and the current 

economic state is not conducive to nationwide maintenance and repairs. This is the reason 
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state and federal agencies rely on pavement management systems to make informed 

decisions on which road sections should receive priority attention. 

The actual concept of pavement management has been around for some time. Managerial 

decisions are made every day as part of normal daily operating measures. In the past, 

however, pavements were maintained, but not truly managed. It was determined by a 

local pavement engineer which roads should be repaired or maintained and on what 

schedule, regardless of any other pavement condition nearby or with any regard to life 

cycle cost analysis. Pavement management seeks to improve the efficiency of decision 

making regarding pavement design, maintenance, and repair, expanding its scope, 

ensuring the ramifications of all decisions are known, and increasing consistency (Haas, 

1987). Technological advances have given agencies the tools by which to manage 

pavements economically. A true Pavement Management System (PMS) provides a 

systematic, consistent method for selecting maintenance and repair needs and 

determining priorities and the optimal time of repair by predicting future pavement 

condition (Shahin, 1994).  

1.2 Background 

1.2.1 Pavement Preservation 

Perhaps the fastest growing area of pavement management is pavement preservation. 

Pavement preservation is a proactive approach in maintaining highways. Rather than 

waiting and allowing a road to require reconstruction after (or even before) its design life, 

a series of activities can be done at scheduled intervals (or condition trigger points) while 

the pavement is in good condition to extend remaining service life beyond the design 
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period (FHWA, 2011). The most commonly-used diagram to describe the pavement 

preservation philosophy is shown in Figure 1 (derived from similar diagrams from 

AASHTO and FHWA). 

 

 

 

 

 

 

Figure 1: Pavement Preservation Philosophy (adapted from AASHTO and FHWA) 

The areas represented on the diagram can be described as follows: 

1. The vertical axis is based on the condition of the pavement. This can be defined 

by several indices, such as the Pavement Condition Index, Pavement 

Serviceability Index, distress rate, or any other index that gives a numerical value 

based on age and distress or agency-specific factors. 

2. The horizontal axis is based on time, mostly pavement life, but it can be defined 

in terms of remaining service life. 

3. This line is the pavement performance curve. These curves are agency generated 

and based on construction standards, mix designs, environmental factors, and 

other similar factors affecting performance. Most pavements behave in the 
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fashion shown in Figure 1 – when they begin to deteriorate, they deteriorate fast. 

The gray dashed line represents a threshold that denotes a change in cost to bring 

pavements up to an acceptable condition. Generally, repairs done above the line 

cost from 1/4 to 1/10 of those performed after the pavement has degraded beyond 

the threshold. 

4. This part of the graph shows the extension of the life of a pavement when 

treatment is performed. In general, the longer the line, the more usable life is 

gained. 

5. This vertical line represents the gain in pavement condition as a result of the 

treatment. Here, a longer line signifies a greater increase in pavement condition. 

The red line indicates a condition parameter that will trigger some sort of preventive 

maintenance. When the observed distresses cause a drop in the index used and that drop 

reaches a particular value, maintenance is required. The blue line represents schedule-

based repairs. This parameter simply indicates that after a pavement reaches a certain 

age, regardless of condition, maintenance is performed. The key concept in deciding 

when these triggers should take place is to ensure the pavement has not deteriorated to 

the point where reactive maintenance is required. An example of reactive maintenance is 

to have to perform a mill and inlay rather than a simple fog seal because the pavement 

surface has declined past a borderline functional performance. 

1.2.2 The Highway Performance Monitoring System (HPMS)  

The HPMS is sponsored by the Federal Highway Administration (FHWA) and is a 

national level highway information system. It contains data on nearly all characteristics 

of the nation’s highways: performance, use, operating qualities, extent, and condition. All 
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public roads are included in the HPMS on the administrative and extent information 

database, while major arterials and collectors exist as a mix of system-wide and sample 

data. (FHWA, 2010) The lowest functional systems have the most limited data, as the 

travel is only summarized.  

The major purpose of the HPMS is to support a data driven decision process within 

FHWA, the DOT, and the Congress. The HPMS data are used extensively in the analysis 

of highway system condition, performance, and investment needs that make up the 

biennial Condition and Performance Reports to Congress. These Reports are used by the 

Congress in establishing both authorization and appropriation legislation, activities that 

ultimately determine the scope and size of the Federal-aid Highway Program, and 

determine the level of Federal highway taxation. 

These data are also used for assessing changes in highway system performance brought 

about by implementing funded highway system improvement programs. HPMS is a 

national, unique source of highway system information that is made available to those in 

the transportation community for highway and transportation planning and other purposes 

through the annual Highway Statistics and other public distribution media. 

It is the responsibility of each state’s DOT to submit all public roadway mileage that is 

consistent with each state’s Certified Public Mileage to the FHWA by June 15 of each 

year. FHWA supplies guidelines and examples in detail for this process in their field 

manual. To achieve a quality program it is vital that systems be established to accurately 

collect and maintain internal data in accordance with these guidelines as well as establish 
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communications and mechanisms with municipal and federal agencies to properly 

maintain and report their data. 

1.2.3 The New Mexico Department of Transportation (NMDOT) Pavement 

Management System 

The NMDOT has collected pavement condition data (i.e., surface distresses, rutting and 

roughness) since 1987 along the New Mexico State Highway and Routes System. Until 

2009, NMDOT collected pavement distress data on more than 15,500 lane-miles of 

pavement in their statewide route system mostly on an annual basis. For at least ten years 

prior to 2006, the collection of pavement distress data was the responsibility of district 

construction personnel, proving to be an enormous burden that was taking time away 

from other tasks. In 2005, NMDOT decided to partner with the University of New 

Mexico (UNM) and New Mexico State University (NMSU) to handle this massive 

undertaking. (NMDOT, 2007). Since then, the universities have collected manual data 

each summer, with a few exceptions. In 2010 and 2011, distress, rutting and roughness 

data were not collected in New Mexico (Robert S. Young, personal communication, July 

2011). The condition of existing pavements is evaluated in two measures: roughness and 

surface distresses. Combining the two measures, a pavement condition index called 

Pavement Serviceability Index (PSI) is calculated. This index indicates the overall 

condition of each pavement section.  The NMDOT also uses PSI values to determine the 

funding eligibility of projects for particular roadway sections. 

The Pavement Management section is located within the Project Planning Bureau. It 

supports the efforts of the department in providing New Mexico with quality highways at 

minimum cost by providing information necessary to develop cost-effective highway 
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pavement management strategies and to make informed decisions between competing 

highway projects (NMDOT, 2011). This section of the NMDOT evaluates pavement 

conditions on a statewide basis and predicts expected pavement deterioration so that 

pavement preservation, rehabilitation and reconstruction projects can be optimally 

scheduled.  

Prior to 2012, NMDOT procedures for evaluating surface distresses in a pavement 

section can be found in The NMDOT’s Pavement Maintenance Manual, pages 313 and 

314. Currently, only a series of criteria are given for each type of distress, which are used 

by raters performing manual pavement distress evaluations. The raters are to determine 

the severities of each type of distress and record the extents in a percentage of affected 

area of the test section. This rating system was developed for use exclusively in the 

NMDOT Pavement Management System.  

1.3 Research Objective 

There is only a certain amount of money that can be allocated to projects each fiscal year, 

making the selection and prioritization important both at the state and federal levels. Each 

state must assess the conditions of its pavements and pass on the results to FHWA for use 

on the national scale. Herein lies the problem: Not all of the individual states’ pavement 

management data follow the guidelines that are required by the federal HPMS. New 

Mexico is one of the states that falls into this category. The codes used by NMDOT in 

reporting severity and extent do not readily correlate to the data required in the HPMS 

system. The purpose of evaluating the rating criteria for each type of pavement is to 

obtain a usable data set for both NMDOT’s PMS and the federal HPMS, while 



www.manaraa.com

8 

 

maintaining reliability and reducing costs by eliminating the need of having to rate the 

road system twice. 

The purpose of this study is to align the state of New Mexico’s pavement management 

system with that of the federal highway’s system, while concurrently reducing variability, 

increasing data consistency, and providing a greater quantity of specific data items to be 

considered in pavement preservation while keeping costs under control. To do this, an 

entirely new data collection protocol has been written and field tested. The three levels of 

testing include interrater agreement and interrater reliability across the “old” protocol, the 

“new” protocol, and actual field measurements to judge the accuracy of both old and new 

methods. By doing this, the accuracy and validity of the pavement distress surveys will 

be increased. The objectivity and integrity of the NMDOT distress rating criteria for 

flexible pavements will also be increased through a revision of the old criteria.   

A major concern in the implementation of these protocols is the quality of data collected 

and reported while keeping the time needed to complete these more intensive evaluations 

at a minimum. The goal of this new protocol is to be able to collect a wider range of data 

with no additional time spent per milepost than the previous method. 
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Chapter 2 

Background 

2.1 Pavement Management 

2.1.1 Data Collection  

The foundation of any pavement management system is quality data and the use of all 

available technology in order to obtain and analyze that information. The challenge faced 

by most government agencies is the reliability and accuracy of data collected throughout 

the pavement network. State transportation agencies use various methods of pavement 

data collection. The major methods are manual, semi-automated, and automated 

collection (Ganesan, 2006). The data collected from these surveys are used to calculate 

indexes that give a snapshot of pavement conditions across the network, a quantification 

of distresses found in any particular section. For manual data collection, the pavement 

raters travel to each site and rate pavement distresses according to their respective 

agencies’ criteria. In a semi-automated method, pavement images are collected digitally 

using a camera mounted on a van by a process sometimes called videologging or simply 

by 35-millimeter black-and-white photography and are visually rated by a trained person 

or crew at the state or district office. In a fully automated method, the images are 

collected and then rated automatically using crack detection software. The level of detail 

and types of distresses rated depend on the intended use of the data collected. For 

network level Maintenance and Repair (M&R) indicators, a simple windshield survey 

may be completed, but for extensive research programs, much more time and effort may 

have to be involved.  
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No matter the method, there are inherent flaws in data collection. While each distress is 

described in detail, and each severity described with specific measurements and photos, 

there remains a level of subjectivity within the rating process. The accuracy of the field 

ratings increases as the level of human error is removed: the more automated, the more 

consistent the data will be. However, a fully automated nationwide system has yet to be 

implemented, so each state is left to itself to derive the manner of data collection that best 

fits its needs.  

To determine the current state of practice for data collection, surveys were sent to all 50 

state transportation agencies and the District of Columbia to compare data collection 

methods and criteria for individual distresses, specifically related to pavement distress 

items in flexible pavements. All state DOTs were contacted via telephone and/or email, 

of which 37 responded to the survey. Table 1 shows the number of respondents using the 

different types of data collection methods.  

Table 1: Number of Respondents using Data Collection Methods 

 

 

 

 

Five agencies reported that they use strictly manual data collection, in which a crew is 

sent out and follows detailed field guides to obtain the desired item. Most agencies (15) 

use automated means. Examples of these automated methods include laser profiling vans, 
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where pavement geometry data are analyzed, and digital imaging vehicles, where 

snapshots are taken at specific intervals while the vehicles are in motion. The primary 

service companies used are Fugro Roadware Inc. and Pathways Services Inc. The 

agencies that reported “Automated” data collection rely on the company’s software to 

produce values to be reported directly to HPMS. 

The six agencies that fall into the “Semi-Automated” category use automated means for 

surveying their pavement systems, but have a designated person or department that 

manually reviews the images obtained by the vehicles and assigns the required values, 

particularly for cracking length and percentage of affected area. Eight agencies use a 

combination of these methods depending on the desired item, and three did not reply to 

this question primarily because the contact person was not aware of the method used and 

the person in charge of the state’s data collection could not be reached at the time of the 

survey.  

The five agencies that reported using manual data collection techniques do so in house or 

hire college students during the summer to perform pavement evaluations. Of the 29 

agencies that reported using some type of automated collection methods, 22 are 

contracted out while seven are agency owned. 

The trend is that more and more state agencies are moving toward automated data 

collection if it is allowed in their budgets. The vehicles and software can be rather 

expensive, and not entirely accurate as of yet.  Hiring college students to work in the 

summer is an inexpensive way to collect these distress conditions. New Mexico is a state 
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that uses students from the University of New Mexico and New Mexico State University 

to collect data for both its private PMS and the federal HPMS. 

2.1.2 Distress Types 

The focus of this research is on flexible asphalt concrete (AC) pavements. There are eight 

major distresses that the majority of state agencies (including New Mexico) concentrate 

on in rating flexible pavement. The following descriptions for these distresses are from 

the 2003 Long Term Pavement Performance program instated by the FHWA (FHWA 

2003). The causes of these distresses are taken from the New Mexico Department of 

Transportation’s Pavement Maintenance Manual (NMDOT 2007). Each of these 

distresses is typically rated according to severity and extent along a test section. These 

data are then translated into guidelines or recommendations for maintenance, repair, or 

reconstruction, and are used in pavement serviceability or condition indexes to be used 

for making other administrative decisions.  

Rutting: A rut is a longitudinal surface depression in the wheel path. It may have 

associated transverse displacement which is called shoving. Rutting is a permanent 

deformation of any layer due to weakened support layers, poorly compacted layers and 

unstable wearing surface or overloading. Severe rutting is often caused by excessive 

asphalt binder in the pavement mixture. Aggregates in these mixtures do not have 

aggregate-on-aggregate contact so the material flows instead of being locked in place. 

Rutting is aggravated by hot weather which causes the softening of the asphalt binder. 

Raveling/Weathering: Wearing away of the pavement surface caused by the dislodging 

of aggregate particles and loss of asphalt binder. Raveling ranges from loss of fines to 
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loss of some coarse aggregate and ultimately to a very rough and pitted surface with 

obvious loss of aggregate. Raveling is caused by oxidation or aging of a paved surface, 

bad workmanship or materials. Raveling is aggravated by hot and wet weather which 

causes oxidation and stripping of the asphalt binder. 

Bleeding: A buildup of excess bituminous binder found on the pavement surface, usually 

in the wheel paths. May range from a local discoloration relative to the remainder of the 

pavement, to a surface that is losing surface texture because of excess asphalt, to a 

condition where the aggregate may be obscured by excess asphalt with a shiny, glass-

like, reflective surface that may be tacky to the touch. Bleeding is usually caused by too 

much asphalt binder in the pavement mix, excessive prime coat or tack coat or by too low 

an air void content in the pavement mix. Bleeding is aggravated by hot weather which 

causes the softening and expansion of the asphalt binder. 

Longitudinal Cracking: Cracks predominantly parallel to pavement centerline. Location 

within the lane (wheel path versus non-wheel path) is significant. If the cracks occur on 

centerline or outside of wheel path, the cause is usually a poorly constructed paving joint. 

If in the wheel path, it is caused by excessive deflection due to loading or loss of 

foundation support probably due to water, insufficient pavement structure or weak 

support material. Longitudinal cracks within the wheel path are much more serious, and 

are indicative of early stage fatigue cracking. 

Edge Cracking: Applies only to pavements with unpaved shoulders. Crescent-shaped 

cracks or fairly continuous cracks which intersect the pavement edge and are located 

within 2 feet of the pavement edge, adjacent to the shoulder. Longitudinal cracks outside 
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of the wheel path and within 2 feet of the pavement edge are included. Edge cracking is 

caused by loss of foundation support due to water, insufficient pavement structure, weak 

support material or unstable shoulder. 

Alligator/Fatigue Cracking: Occurs in areas subjected to repeated traffic loadings, 

especially the wheel paths. In early stages of development, it can appear as a series of 

interconnected cracks. Eventually, it develops into many-sided, sharp-angled pieces, 

usually less than 1 foot on the longest side, characterized by a chicken wire/alligator skin 

pattern, in later stages. The primary causes of fatigue cracking are inadequate structural 

design, poor construction (inadequate compaction), inadequate structural support due to 

higher than normal traffic loadings, normal loadings on aged and brittle pavement or 

excessive deflection due to loading or loss of foundation support due to water infiltration, 

and insufficient pavement structure or weak support material. Small, localized fatigue 

cracking is indicative of a loss of subgrade support. Large fatigue cracked areas are 

indicative of general structural failure.  

Transverse Cracking: Cracks that are predominantly perpendicular to pavement 

centerline. These are caused by pavement expansion and contraction due to temperature 

changes or shrinkage of asphalt binder with age. 

Patch Condition: Portion of pavement surface, greater than 4 square inches, that has 

been removed and replaced or additional material applied to the pavement after original 

construction. The patches may have been placed for any number of reasons, such as 

utility work, potholes, or adjacent construction, and evaluated only to determine the 

intactness of the patch. 
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2.1.3 Administrative Levels of Pavement Management 

Pavement management occurs at two basic administrative levels: project level and 

network level. Project level pavement management deals with very detailed, technical 

information centered around one project – a particular segment or section of road. Often, 

the decisions regarding these types of projects are made by lower or middle management 

(Peterson, 1987) and involve no consideration of connected sections or the system as a 

whole. The data required to efficiently manage a single project are those such as 

foundation strength, materials specifications, climate, and expected number of axle loads. 

The analysis of these data is much more involved, allowing for the exact diagnosis of 

structural and material related deficiencies and the corrective action required in 

eliminating these deficiencies. This method of pavement management is typically dubbed 

“bottom-up” pavement management, while network (or program) level management is 

called “top-down” management.  

Pavement management at the network level handles policy decisions for the network as a 

whole holding in highest priority the budget allocation of maintenance and rehabilitation 

(Haas et al 1994). Decisions in this level are made by upper management and nearly 

always made for a large number of projects at once for an entire network of highways 

(Peterson, 1987). This level of management requires skillful planning and evaluation of 

the system in its entirety in order to make the most practical decisions that will benefit the 

system, not just one particular area. The network perspective allows the user to properly 

address the trade-off between heavy rehabilitation and preventive maintenance (Kulkarni 

& Miller, 2002). Since the level of funding is limited, the option that benefits the network 

the greatest will be employed, whether it is major rehabilitation for a few segments or 
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preventive maintenance for a large number of segments. Figures 2 and 3 show schematic 

representations of both top-down and bottom-up management practices, based on the 

2002 work of Kulkarni and Miller. 

 

 

 

 

 

 

Figure 2: Top-Down Schematic 

 

 

 

 

 

 

Figure 3: Bottom-Up Schematic 
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2.1.4 Users of Pavement Management Systems 

There are three major groups of users of pavement management systems: technical, 

administrative, and elected officials. Each group uses the data collected for their 

respective pavement management systems in different ways. The technical group consists 

of those engineers who carry out management activities. Generally, these engineers are 

licensed professional engineers who serve as the point of contact in a management 

district for the evaluation, preservation, and structural design of pavements. These 

positions have many responsibilities, including planning activities; participating in design 

concept conferences; reviewing performance histories of materials; studying processes 

for pavement construction; maintaining databases for subgrade and pavement material 

stiffness or structural properties; assessing pavement performance with maintenance 

staff; and coordinating design strategies for pavement rehabilitation. At the district level, 

these engineers should be the expert regarding characteristics of the network, such as the 

evaluation of functional and structural aspects of existing pavements, traffic loading 

characteristics, prevailing geologic conditions within the district, and the suitability of 

proposed materials. With the knowledge of these items, the engineer will be able to 

recommend the most efficient maintenance and rehabilitation processes within his 

district.  

The administrative group of users is generally comprised of planning engineers. The 

duties of these engineers involves less hands-on tasks and a larger scope of 

responsibilities, such as performing studies to determine the adequacy of segments of the 

existing highway system; estimating future traffic demand; determining the sufficiency of 

the existing system to handle future traffic demands; evaluating the possible 
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improvements; selecting the most feasible improvement and preparing a written report of 

findings, conclusions and recommendations. Planning engineers often look beyond the 

scope of roads in their districts and develop comprehensive thoroughfare plans that 

accommodate present and future load; review and report on projects concerning new 

shopping center driveways, and median crossover requests; supervise and assist in the 

collection of land use, population, and vehicle ownership; and travel, economic activity 

and trip generation data.  

The elected officials use the pavement management system to secure funding for new 

construction, maintenance and repairs of existing infrastructure, and as a means of 

gaining support from the general public. They must be able to answer questions 

concerning the effects of lack of available funding and the lowering of standards of a 

highway network (Haas, 1987) and be able to justify the need for future funding based on 

historical trends and current condition data. 

2.1.5 Maintenance/Repair/Reconstruction 

Virtually all roads require maintenance before the end of their service life. Timing of the 

repair is significant in prolonging the life of the pavement without incurring extravagant 

agency and user costs. Determining the appropriate time to perform maintenance and 

repair (M&R) depends on pavement conditions and more recently, life cycle planning. 

The addition of life cycle cost analysis (LCCA) has helped agencies make more informed 

decisions as to the timing of M&R schedules. Labi & Sinha (2010) have developed 

models based on the cost effectiveness of several pavement maintenance schedules, and 

results show that increasing preventive maintenance is generally associated with 

increasing cost effectiveness, but only up to a certain optimal point. After this optimal 
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point, the cost effectiveness decreases. It was determined that the position of the optimal 

point as well as the sensitivity of such cost effectiveness to the preventive maintenance 

effort are both influenced by functional class and whether user costs are included in the 

analysis. Condition data must be accurate in order to truly assess the needs of road 

sections. Historical trends also play into the timing of M&R schedules, as pavements 

behave differently in different climates and locations.  

When considering pavement preservation, the types of treatments fall into three 

categories, shown in Figure 4.  

 

 

 

 

 

Figure 4: Types of Pavement Preservation 
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Preventive maintenance is a key component of an overall pavement preservation 

program. Sometimes referred to informally as “keeping good roads good,” the following 

definition summarizes the concept of preventive maintenance.  

Preventive Maintenance—A planned strategy of cost-effective treatments 

applied to an existing roadway system and its appurtenances that preserves the 

system, retards future deterioration, and maintains or improves the functional 

condition of the system (without increasing the structural capacity) (AASHTO, 

1997). 

A more specific definition of a preventive maintenance treatment is the following:  

Preventive Maintenance Treatment—Any individual maintenance treatment 

that is used in a preventive manner while not adding any structural capacity to the 

pavement (AASHTO, 1997). 

Examples of preventive maintenance treatments include crack sealing and joint resealing, 

fog seals, chip seals, slurry seals, microsurfacing, dowel bar retrofitting, diamond 

grinding, and so on. 

The idea behind preventive maintenance is to plan and perform work on roadways before 

increased levels of effort are required to restore them to acceptable condition. Minor 

rehabilitation can fall into preventive maintenance depending on the agency. According 

to the AASHTO Highway Subcommittee on Maintenance, minor rehabilitation consists 

of non-structural enhancements made to the existing pavement sections to eliminate age-

related, top-down surface cracking that develop in flexible pavements due to 

environmental exposure. Major rehabilitation is not considered part of any pavement 



www.manaraa.com

21 

 

management system, as it consists of structural improvements that not only extend 

service life of the pavement, but load carrying capacity as well.  

2.1.5 Pavement Condition Indexes 

Traditionally, condition indexes have been used by engineers to describe the current 

quality of pavement networks and determine maintenance and repair needs and priorities. 

The monitoring of these indexes over time enables the development of deterioration 

models, which permit early identification of maintenance and rehabilitation requirements 

and estimation of future funding needs (Gharaibeh et al 2010). There are several methods 

of assigning a numeric value to a stretch of pavement in order to indicate its overall 

condition. The two most commonly used are the Pavement Condition Index (PCI) and the 

Present Serviceability Index (PSI). There is no consistent method of developing and 

using these measures, but the most referenced material for these procedures is the 

AASHO Road Test (AASHO, 1961). Both are based on measurements of roughness, 

usually International Roughness Index (IRI) data, surface distresses, skid resistance, and 

deflection. However outdated, this document has served as a basis for several state 

programs regarding “scoring” a pavement section. This score can quantify the 

pavement’s performance and be used as a baseline or comparison within a PMS to do one 

of several things: 

Trigger treatment: Once a predetermined score is met, or rather, not met, maintenance 

or rehabilitation activities can be scheduled.  
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Determine Extent and Cost of Repair: The score is a numerical representation of the 

condition of the pavement, so it can be used as an estimate of work that needs to be done 

and the associated cost.  

Determine the Network Condition Index: Scores of pavement sections can be 

combined to estimate the condition of the entire network. 

Allow Comparison of Different Pavements: Since the score accounts for all types of 

pavement distress, several locations with different problems can be compared on a level 

playing field.  

It is important to note that individual states have their own versions of numerical rating 

systems, and the index score can vary for a specific pavement condition. Generally, the 

disagreement among these indexes can be attributed to differences in the distress types 

considered, weighting factors, and the mathematical forms of the indexes. (Gharaibeh et 

al 2010). There is an ongoing debate on whether a single index should be used 

nationwide in order to effectively compare the conditions of roads among several states 

to obtain a direct comparison rather than assuming the indices are equal (Juang and 

Amirkhanian, 1992). 

2.2 Future Directions of Pavement Management Systems 

In the years to come, even greater automation of pavement condition surveys is expected. 

Equipment and software using the concepts of artificial intelligence and digital imaging 

are likely to be available to collect data on most pavement distresses including different 

types of cracks. Global Positioning Systems (GPSs) will be increasingly used in 

providing location referencing to elements of infrastructure facilities, thus allowing 
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greater and more efficient use of GIS. Another future direction for database applications 

is Internet or Intranet access to the data and results. Such access will facilitate the use of 

the data and analysis results by a variety of user groups and agency policy makers and 

management (Kulkarni & Miller, 2003). 

2.3 Statistical Analysis of Data Variability 

Data collection is the most scrutinized part of pavement management systems. The 

quality of data collected is the backbone of such systems, and the data are not always 

100% reliable no matter what type of data collection method is used. In the case of 

manual data collection, the actual rating of distress types and severity levels, no matter 

how extensive the effort in developing the data collection protocols, still requires 

subjective interpretations by the evaluator (Rada et al 1997). The subjectivity of the 

distress ratings may affect the final assessment of the pavement condition and add to the 

uncertainties inherent to the empirical and statistical pavement performance models and 

pavement deterioration models, and eventually affect the decision making process of fund 

allocation and maintenance projects. (Bianchini et al 2010). These subjective 

inconsistencies can be measured by two indexes: Interrater reliability (IRR) and interrater 

agreement (IRA). Interrater reliability can be defined as the extent to which two or more 

parties agree. It addresses the consistency of the implementation of a rating system, and 

determines whether the rating system requires modification or if more training must be 

provided to evaluators. Interrater agreement refers to the degree of this consistency.  

Several factors can influence the quality of data collected manually, including site 

conditions, rater bias, even the protocol itself. Site conditions present a unique problem 

that cannot always be solved. Depending on the time of day, angle of sunlight, rain or 



www.manaraa.com

24 

 

other precipitation events, wind, and/or the presence of dirt and dust can affect the 

outcome of a distress rating, as variability of data is dependent on such issues as season, 

lighting, surface moisture, surveyor experience and training (Daleiden and Simpson 

1998). Smaller cracks that may have been able to be detected due to the angle of the sun 

may be missed if rated at high noon. Dust may blow in or out of alligator type cracking 

that may hide or reveal additional features that affect the severity rating.  

Some studies have shown consistently that certain raters assign higher or lower severities 

of a particular distress than others in a group. The inconsistency of differing severities 

occurs more often than the misinterpretation of distress type and does not appear to 

consistently have a positive or negative bias (Rada et al 1998). This is indicative of a 

problem with the rating criteria, or protocol, itself. If raters evaluate the same defect and 

come to a different conclusion about the severity of the distress, then the criteria may be 

too vague and need to be rewritten if additional training does not address the problem.  

2.3.1 Fully Automated Data Collection 

The ideology behind automated data collection is that it can potentially eliminate the two 

most common problems with manual data collection – rater bias and inconsistency – 

while also decreasing exposure of agency personnel to accidents. Smith et al (1998) have 

taken data from Washington and Oregon and compared statistical evidence that 

automated means of distress rating can achieve the same, if not better, reliability as a 

standard manual rating. However, the cost increase can be significant to achieve this level 

of accuracy, and the quality of data and the speed at which it can be collected still need to 

be improved before widespread adoption of such techniques (NCHRP, 2004). 
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An automated pavement distress survey system developed at the University of New 

Mexico in uses an 8-mm camcorder, an inexpensive image-digitizing board, and a 486 

personal microcomputer to classify and evaluate pavement distresses. The algorithm is 

capable of automatically identifying longitudinal, transverse, diagonal, alligator, and map 

cracking. The program has accuracy in prediction of over 85% in asphalt concrete 

pavements and over 90% in Portland cement concrete pavements (Chua and Xu, 1994). 

The described automated survey system is capable of accurately analyzing images 

captured at a vehicle speed of 15 mph and below. Since then, more advanced equipment 

has allowed the vehicles to travel much faster and the images captured with higher 

resolution. The main problem with capturing the images at such high resolution is file 

size. A tremendous amount of storage is needed for thousands of digital images.  

2.3.2 Software Improvements 

Fuzzy logic and expert system techniques are effective in evaluating the distresses of 

flexible pavements while improving accuracy and eliminating subjectivity. A 

methodology has been developed that uses fuzzy logic for the categorization of distresses 

that is quicker, faster, and more consistent in classification than traditional manual 

surveys. An expert system was developed in C language using fuzzy logic for reasoning 

(Amirkhanian et al 2010). As computing power becomes more advanced and less costly, 

systems like these may make manual evaluations obsolete.  

2.3.3 Geographic Information Systems 

A review of practice conducted by the NCHRP in 2004 showed that most DOTs are 

either currently using or are planning to use GIS or other spatial technologies to support 
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pavement management activities, because enhanced spatial capabilities for data storage, 

integration, management, and analysis augment many of the PMS functions.  

The main improvements that were suggested for facilitating the use of spatial 

technologies to develop PMS tools included (1) better automatic procedures to facilitate 

the integration and resolution of data collected and stored using different location-

referencing systems, (2) enhanced map-matching techniques, and (3) incorporation of 

temporal dimension. These enhancements will not only improve a PMS but will also help 

advance data quality and accessibility throughout the organization, streamlining the work 

processes. 

The principal problems identified with the development and use of GIS-based PMS 

applications are related to the use of different referencing methods, the level of effort 

required to develop and maintain the databases, and the handling of temporal issues. 

Other reported problems included differences among users in the level of detail required 

to describe the network, accuracy of GPS-collected data when real-time differential 

correction is not available, excessive user expectations, and the steep learning curve 

required for users to be able to understand and use the GIS software and procedures. 

Many of the problems identified relate more to database design and connectivity and 

PMS application development than to the spatial technologies used. 
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Chapter 3 

Methodology 

As stated in Chapter 1, the purpose of this study is to align the state of New Mexico’s 

pavement management system with that of the federal highway’s system, while 

concurrently reducing variability, increasing data consistency, and providing a greater 

quantity of specific data items to be considered in pavement preservation while keeping 

costs under control. To do this, an entirely new data collection protocol was developed 

and field tested. The three levels of testing include inter-rater agreement and inter-rater 

reliability comparing the “old” protocol, the “new” protocol, and actual field 

measurements to judge the accuracy of both old and new methods.  

3.1 Old Data Collection Protocol 

The procedure to be followed in rating a pavement section using the old protocol is very 

simple.  At each evaluation point (e.g., each milepost) walk from the vehicle 

approximately 530 feet while scanning for distresses, and rate the pavement on the way 

back to the vehicle. If a distress is present, the raters are to identify the highest severity 

(Low (1), Medium (2), or High (3)) and the extent of that severity as a percentage of the 

test section affected: (Low (1-30%), Medium (31-60%) or High (61-100%)) and record it 

on their field forms. A sample field form is attached as Appendix A, and the evaluation 

criteria is attached as Appendix B. 

In this method, the raters would only note the highest severity present in any particular 

distress. For example, if several transverse cracks were found all along a test section, and 

only one crack fell into the High severity criteria, then only that one crack is recorded on 
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the form as a High Severity (3) but Low Extent (1), regardless of the entire section of 

Low Severity cracks. In this situation, more information is available than is reported, and 

is one of the downfalls of this existing method. In addition, the old protocol for flexible 

pavements assumes that the distress of raveling and weathering adopts minimum severity 

and extent ratings of 1 and 3, respectively, regardless of the road condition, surface type 

or age of pavement. 

The only differences in the old rating procedure that were adopted at the beginning of this 

study were that Rutting/Shoving was eliminated, due to a request by Robert Young, State 

Maintenance Engineer of the NMDOT in a letter dated July 27, 2010 stating that rutting 

would be collected automatically from now on, and Raveling/Weathering could now be 

rated with a 0 Severity, according to a meeting with the NMDOT technical panel on April 

15, 2011. 

The old set of rating criteria was also looked at and revised to determine if problems in 

the language could be contributing to inconsistencies and variations in pavement ratings. 

The combination of new rating procedures and rating criteria will ultimately reveal the 

problems with the old system and determine if the revisions made will lead to more 

consistent results.  

Under the old protocol, pavement distress data are collected each year at approximate 

one-mile intervals on all Interstate, US, NM, Business Loops, and ramps in the New 

Mexico State Highway System along with other designated routes. NMDOT collects 

pavement roughness data in-house. NMDOT’s Data Reporting Section in the Programs 

Division collects pavement roughness data on an on-going basis.  Pavement roughness 
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data are measured electronically using two K. J. Law Engineers Inc. Model T6600 

Inertial Profilometers, each mounted on a Ford E350 van. 

The Pavement Serviceability Index is calculated from the Roughness Measure and the 

Distress Rate. The scale for PSI ranges from 0 through 5, with a value of 5 representing 

the highest index of serviceability. NMDOT’s PSI was devised in accordance with 

AASHTO’s 1986 Guide for Design of Pavement Structures.  

The Roughness Measure is the roughness of a section of road measured in terms of the 

International Roughness Index (IRI) in units of inches per mile. It can range from as low 

as 10 to nearly 1000. 

The Distress Rate is the sum of the severity multiplied by the extent multiplied by the 

weight factor of each of eight pavement distresses. In mathematical terms: 

DR = ∑               
  

Where: 

DR = Distress Rate of a particular pavement sample.  

SRi = Severity Rating for the ith distress. 

ERi = Extent Rating for ith distress. 

WFi = Weighting Factor for the ith distress. 

Here, i represents each of the eight distresses that are evaluated in the program; thus,  
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n = 8. Then, the total DR value is the sum of the DR values of each distress (DRi). The 

values of the weighting factors for flexible pavements are given in Table 2 (NMDOT, 

2004). These are used to give each distress the effect it has in determining the 

performance of a pavement.  

Table 2: Weighting Factors for Flexible Pavement Distresses (NMDOT, 2004) 

Distress Weighting Factor 

Raveling & Weathering 3 

Bleeding 2 

Rutting & Shoving 14 

Longitudinal Cracks 9 

Transverse Cracks 12 

Alligator Cracks 25 

Edge Cracks 3 

Patching 2 

 

The distress rate ranges from 0 to 657, 0 being a pavement in pristine condition, and 657 

being something representative of a pile of asphalt crumbs. Because the PSI equation 

relies on more than just the distresses being studied in this thesis, such as pavement 

smoothness, the overall effect of variability of the estimated distress data will be studied 

only within the distress rate equation. 

3.2 Development of New Data Collection Protocol 

The new protocol was developed after researching the needs of the NMDOT and the 

HPMS reporting requirements. Because certain data items needed to be reported in 

specific ways, i.e. total feet per mile of transverse cracking and percent area affected by 

alligator cracking, the data collection process needed to be altered in a way that reflected 

these new requirements. The old method of having the students collect data only by 
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severity and extent does not effectively translate into quantitative measures and no 

correlation was found while examining the data sets. Further explanation of the 

development of the new protocol is discussed under each HPMS reporting requirement 

later in this section.  

The new protocol suggested in this report follows the needs of HPMS data reporting as 

well as the revised needs of the NMDOTs pavement management system. In the 

aforementioned letter sent by Robert Young, a few more changes were made to data 

required by NMDOT. Rutting and shoving are to be collected using an automated system 

in the future and patching is to be eliminated entirely. The main reasons for this change 

are safety of the pavement evaluating crew and the ease of data collection by an 

automated system already in use for IRI. In addition, longitudinal cracking occurring in 

the wheelpath is to be combined with alligator cracking, as these phenomena are both 

caused by cyclic loading of pavements, and longitudinal cracking outside the wheelpath 

is to be combined with edge cracking. The most significant change is that each severity 

within each distress needs to be rated to provide a more accurate picture of the conditions 

of pavements in New Mexico. Previously, “severity ruled extent” – that is, only the worst 

severity was to be reported. 

The 2010 HPMS Field Manual provides detailed descriptions of each distress, photos of 

example sections, and sample methods of data collection in order to achieve consistent 

results over all state agencies. This is the primary reference used to develop these new 

field rating procedures. In summer 2010, a survey was conducted regarding data 

collection methods that other states use. Of the states that participated in the survey, 
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several submitted their rating manuals that they use for manual data collection. These 

were also consulted when these new procedures were created.  

By reviewing NMDOT’s old criteria and simplifying some of the descriptions for 

pavement distresses, new criteria were written that should make identification of 

distresses in the field a bit easier on the pavement evaluators, and save time and therefore 

save money. The example of the new criteria that evaluators carry with them in the field 

is attached as Appendix C. 

Every method detailed here assumes manual collection of data from the roadside. In 

training, the pavement raters will calibrate their paces to be able to accurately measure 

lengths of distresses without actually having to measure them. This will save time and 

improve safety by allowing the rater to stay out of traffic lanes, which also avoids costly 

and inconvenient road closures.  

The procedures in place for collecting data in the field were modified to include HPMS 

reporting requirements as well as handle the needs of the NMDOT’s PMS. For flexible 

pavements, HPMS only requires three items to be reported:  

 Rutting (item # 50) 

 Fatigue Cracking (or Alligator Cracking – item # 52) 

 Transverse Cracking (item # 53). 

NMDOT requires data collection for the following items for flexible pavements:  

 Raveling/Weathering 

 Bleeding 



www.manaraa.com

33 

 

 Rutting and Shoving 

 Longitudinal Cracking 

 Transverse Cracking 

 Alligator Cracking 

As previously mentioned, rutting will be evaluated automatically, effectively removing it 

from this list. The concentration will be on fatigue and transverse cracking for the HPMS 

system, and the other items required by the NMDOT will be reviewed in order to 

simplify the process. The following sections explain the new protocol in further detail.  

HPMS Item # 52 – Cracking Percent (See page 4-92 of the HPMS Field Manual) 

This item represents fatigue cracking and longitudinal cracking located within the 

wheelpath. HPMS requires a percentage of total sectional area affected by this type of 

distress be reported to the nearest 5%. In order to ensure any instance of this distress is 

captured, the percent area will be rounded up. This will take care of the instance that a 

small area of the sample section is affected that would otherwise round down to a zero 

extent, since alligator cracking is a major indicator of pavement distress. To obtain the 

data, the pavement rater will “pace off” the lengths within the section that display this 

sort of distress, recording the length and approximate width of the distress on their field 

forms. The approximate width is recorded by counting the number of wheelpaths that the 

distress occurs in, either a 1 or a 2.  The HPMS Field Manual assumes that this type of 

cracking only appears in the wheelpath and that we can assume a 2 foot width for each 

wheelpath. Each severity will be rated for use in the NMDOT PMS.  
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HPMS Item # 53 – Cracking Length (See page 4-98 of the HPMS Field Manual) 

This item refers to transverse cracking. HPMS wants this item reported in linear feet per 

mile. The rater will simply count the number of cracks that are at least six feet long (half 

a crack counts as a whole crack), within each severity level and record the totals on their 

rating forms. NMDOT wants each severity reported for use in its PMS, however, the total 

number of cracks across all severities will be used for HPMS reporting, as severity is not 

considered. 

Additional NMDOT Requirements 

Because Raveling/Weathering and Bleeding have two of the lowest weights in the state’s 

old PSI formula and because they are the most difficult distresses to evaluate 

consistently, it is recommended that these two items be collected on a Present/Not 

Present basis. Since it is assumed that raveling and weathering will occur over an entire 

section, the raters would only have to note the severity of the distress, and that bleeding 

occurs in spot locations, the raters would have to note each severity they find. In order to 

validate these assumptions and justify changing the data collection procedure, historic 

data were analyzed. New Mexico State University (NMSU) performed an analysis of the 

data recorded from 2006 to 2009 from the pavement evaluation crews that were sent out 

every summer. This data set includes every instance of every distress at every milepost 

recorded by The University of New Mexico (UNM) and NMSU. The basic results of the 

data analysis are as follows: 

 The extent of 3 (61-100%) for Raveling/Weathering occurred more than 87% of 

the time, indicating that this distress occurs over the entire rated section most 

often. This makes sense, as this distress is usually caused by a mix issue or poor 
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construction quality and occurs throughout the batch. See Figure 5 for further 

clarification. 

 The extent of 0 (None found) for Bleeding is the most common rated, over 65% 

of the time. If bleeding is present at all, the extent is only a 1 (0-30%) 22% of the 

time, indicating that bleeding affects large areas of the test section very rarely. 

Since bleeding is a buildup of excess asphalt binder, it is most commonly found in 

patches where the binder has seeped up onto the surface in hot weather. See 

Figure 6 for further clarification. 

 

 

 

 

 

 

 

Figure 5: Average Extent of Raveling & Weathering 
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Figure 6: Average Extent of Bleeding 
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required to rate these distresses extensively.  
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they will most likely be present along the entire test section. The only required action 

from the pavement raters would be to indicate the severity of the distress on their field 

forms. 

Bleeding. This item is not required for HPMS. NMDOT still needs it reported for its 

PMS. We are suggesting collecting data on a Present/Not Present schedule due to the low 

effect on the PSI of the test section and the fact that historically, the largest extent 

reported is 1 (0-30%). When collecting data in this manner, the pavement evaluator will 

simply note the severity of any bleeding that occurs within the test section, assuming an 

extent of 1. 

Longitudinal Cracking. This item is not required for HPMS. NMDOT still needs it 

reported for its PMS. This distress refers to longitudinal cracking outside the wheelpath, 

located anywhere within the test section. This distress will be evaluated the way it has 

always been done, except the rater will evaluate each crack in terms of severity and 

extent.  

The top three distresses on the field form are Raveling/Weathering, Bleeding, and 

Alligator Cracking. The pavement evaluators should focus on these three distresses on 

the way “out,” that is, away from the vehicle. The raters should be able to easily and 

quickly evaluate raveling and weathering and indicate the worst severity on their field 

forms. This leaves the trip out to concentrate on alligator cracking, which has a weight of 

25. Instances of bleeding can be noted effortlessly because only severities need to be 

marked. 
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The last two sections on the field form are to be collected on the return trip to the vehicle: 

Transverse Cracking and Longitudinal Cracking. Because Edge Cracking and 

Longitudinal Cracking are now combined into a single category and not needed for 

HPMS data reporting, the concentration will be on transverse cracking, which carries a 

weight of 12. As the raters walk back to the vehicle, they can simply count the number of 

cracks that occur within each severity. The old method for obtaining a weight for the new 

category of longitudinal cracking is adequate for these requirements.  

By separating the distresses into two different time frames, it is believed to take some 

guesswork out of the evaluation process. Raters will not be overwhelmed by roads in bad 

condition that display several distresses if they are to concentrate on only a few at a time.  

3.3 Testing of Old versus New Data Collection Protocols 

Two separate protocols were evaluated in this study – NMDOT’s old protocol and the 

new protocol developed for this study.  The purpose of the comparison was to determine 

if the new protocol performed as well or better than the old protocol in terms of 

variability and accuracy.   

3.3.1 Initial Data Collection 

Field data were initially collected using each of the two protocols. These data were then 

used in each of the three tests listed above. To collect the data, two separate trips (one for 

the old protocol and one for the new) were made at least one week apart. The time 

between ratings was to ensure the rater could not remember what he recorded so that each 

protocol could be fairly evaluated, making sure the data are not biased and that they can 

be compared for similarities and differences across time.  
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Two graduate students worked on this project, without having gone through any previous 

training. The additional students who were chosen to participate in this project had 

previously worked for the NMDOT summer pavement evaluation project. This was done 

so that training could be kept to a minimum, as the experienced raters already knew the 

distresses and only a refresher course was done to reinforce safety expectations and 

review the process.  

In order to achieve the level of data quality needed to validate the new protocol, it was 

decided to base the data on the following report: A Framework for Assessing and 

Improving Quality of Data from Visual Evaluation of Asset Conditions, (Cordova 2010). 

In this project, data points were monitored for quality by two measures: interrater 

agreement – the ability for a group of pavement raters to arrive at the same result - and 

agreement over time – the ability of the same rater to provide the same evaluation across 

a given time. Twenty four of the same mileposts were used in evaluating this new 

protocol that were used in the previous study as a means of comparison. This 

combination of mileposts was chosen based on the previous data which showed that each 

severity could be found in each distress. The mileposts used for this project are listed in 

Table 3. 
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 Table 3: List of Mileposts 

Route Milepost Direction 

NM0041 0 1 2 3 P 

NM0041 29 30 31 32 P 

NM0006 0* 1 2 3 P 

NM0556 12 13 14 15 M 

NM0014 0 1 2 3 P 

US0550 0 1 2 3 P 

 

*The legal definition of Milepost 0 was not used. Milepost 0, according to the NMDOT’s 

Legal Definitions file is north of the I-40 off-ramp. This piece of roadway is not traveled; 

it ends in dirt, and is literally crumbling with weeds and grasses growing through the 

cracks. A managerial decision was made to use the first 1/10 mile south of the off-ramp 

to get more realistic distresses to be used in comparing evaluation methods. 

The approaches to the pavement section and safety procedures are the same in both the 

old and new protocols. The main points are discussed below, as taken from the 2009 

UNM Pavement Evaluation Report (UNM 2009): 

1) A crew composed of two people must perform the visual surveys. One will serve as 

the distress rater while the other will serve as the safety person (also referred as safety 

spotter) to watch for hazards on and off the road. The two crew members will take turns 

in both roles. While in the section, the safety spotter should alert the rater of any hazard 

and should alert the traveling public of their presence. 
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2) Approach mile marker where survey location is to begin; anticipate this location 

because you will have to slow to a stop at the milepost (MP). Approximately one-half 

mile from the MP, turn on your emergency Light Bar and right hand turn signal. Slow 

gradually to a stop well off of the pavement adjacent to the MP (for positive direction). 

For minus direction, park 0.1 mile before MP. Turn on the emergency flashers on the 

vehicle (Hazard Lights; 4-way). Leave vehicle running (power for light bar).  

3) Safely exit the vehicle looking for traffic from the rear. Put on required NMDOT 

safety vest and cap. Install Survey Crew sign on rear of Pavement Evaluation Vehicle 

(secure firmly using straps). Obtain all necessary safety and evaluation equipment for 

conducting survey.  

4) The Pavement Evaluator (PE) evaluating the pavement should have the following 

equipment: Clip Board & Pen, Evaluation Form, Rut Bar (Level), Steel Rule. The Safety 

Spotter (SS) should have the following equipment: Slow/Slow Sign w/ Strobe, and any 

necessary equipment to mark off 530 feet and to locate evaluation points. 

 5) Mark off ~530 feet to the front of the vehicle (with traffic flow). As you are marking 

off the distance, the PE can be doing a quick initial evaluation from the side of the road. 

6) Upon marking off the required 530 feet, the two-person crew shall return toward the 

parked vehicle. The PE shall evaluate the pavement as required, while the SS watches for 

traffic and advises the PE of adverse conditions that may imperil either of their safeties. 

The SS shall use the SLOW/SLOW sign and warning strobe as necessary to warn traffic. 

The SS shall continuously monitor oncoming traffic as the team returns toward the 

parked vehicle and remain along the edge of the road with the SLOW/SLOW sign facing 
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traffic and between the SS and the travel lane. The SS shall stay even with the PE. In rare 

cases where there is limited sight distance, the SS may position themselves further up the 

road (toward the oncoming traffic) to improve their view of oncoming traffic. In no 

instance shall the SS be outside of voice range of the PE. 

7) Upon return to parked vehicle, store all measurement and safety gear. Store data form 

in accordance with standard Data Quality Management procedures. Secure safety belts 

and slowly move down the shoulder to the next milepost. If the shoulder is not wide 

enough, then move in to the traffic lane safely and drive to the next milepost to repeat the 

testing protocol. Remember to use flashing hazard lights until up to speed. 

8) At the end of a major test section and/or at the end of the day, the Survey Crew sign 

must be removed and stored and Light Bar & Hazard Lights must be turned off. 8) At end 

of workday, all equipment must be properly accounted for and stowed in motel and or 

vehicle trunk. Account for all equipment at beginning of each workday. Check vehicle 

per daily vehicle check list each morning. 

 3.3.2  Interrater Agreement 

There are currently several methods available for testing interrater agreement; however, 

one of the simplest and most robust is the average deviation (AD) index. As explained by 

Burke & Dunlap (2002), the AD index is actually a measure of disagreement, such that a 

value of zero means that there is zero disagreement, or, total agreement. This measure 

was developed for use with multiple evaluators rating a single target on a variable using 

an interval scale of measurement. This index estimates agreement in the metric of the 

original scale of the item (i.e., it has the same units as the item targeted) and therefore can 
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be considered a pragmatic measure (Burke et al 1999). The AD index may be estimated 

around the mean (ADM) or median (ADMd) for a group of evaluators rating a single 

target, such as a stretch of pavement on a single item such as pavement distress. Each 

rating is compared to the others in a group, and the deviation from the median is 

calculated, giving a relative “distance” from the expected value.  

ADMd values are computed as follows: 

ADMd(j) = 
∑ |       | 

   

 
 

Where ADMd(j) is the average deviation from the median computed for an item j, N is 

the number of judges or observations (consequently the total number of deviations for an 

item), xjk is the kth judge’s score on item j, and Mdj is the median for item j.  

 

The scale ADMd(J) is then computed as: 

ADMd(J) = 

∑        
 
   

 
 

Where ADMd(J) is the average deviation computed from the median for J essentially 

parallel items and ADMd(j) is defined as above. Although ADM and ADMd scale values 

can be computed directly from respective scale means and medians, these latter values 

are based on composite scores and cannot be directly interpreted in terms of response 

options or units of the original measurement scale (Burke et al 1999). 
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Since there is rarely total agreement among evaluators, a cut-off value of c/6 can be used 

to determine whether there is a consensus among evaluators, where c represents the 

number of response options. This c/6 was developed by assuming 0.7 as a lower cut-off 

limit and rearranging the correlation coefficient, selecting a uniform distribution for the 

likelihood of an inexperienced rater choosing any possible value from the set and 

adjusting the results for average deviation (Cordova, 2010). Values lower than the cut-off 

point mean acceptable levels of consensus, while a value that falls over the cut-off point 

would indicate a problem of consensus between evaluators.  

Following the old protocol, only the highest severity of each distress found in a test 

section is reported along with its extent. For every distress, the range of values that is 

available for selection in the old protocol is 0 through 3, giving 4 choices. Therefore, c is 

equal to 4, and the cut-off value is 0.67. The smaller the deviation from the median, the 

better, and any AD index above 0.67 is considered a problem, and the underlying issues 

must be resolved to correct it. 

The new protocol involves changing the way the data are collected for almost every 

distress encountered. Therefore, a new analysis was required for each distress. The 

method used is the same, the average deviation about the median, but certain values were 

adapted based on the format that the data were to be reported in. In the new protocol, 

there are now more choices and more severities reported, leading to the obvious need for 

rewriting the analysis program. It is important to note that the reported values for each 

distress need not be exact among raters – the main point is to assess whether a distress is 

present and attempt the most accurate evaluation possible. If all ratings are similar, then 
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the evaluation has succeeded in giving a valid reference point for the general condition of 

the test sections. Each distress will be explained in detail below. 

Raveling/Weathering. This data item requires that only the worst severity be reported, 

as it is assumed that this distress affects the entire section based on the cause of the 

problem (giving it an automatic Extent 3). The analysis for this item is simple: compare 

the values reported from each rater, since the only available options are 0, 1, 2, and 3. 

The number of alternatives will be 4, and the cut-off coefficient will remain 0.67 for this 

distress. 

Bleeding. Bleeding will be evaluated in a fashion similar to raveling/weathering. Since 

more than one severity can be reported within a test section, the sum of the observed 

severities will be compared among raters. For example, if one rater finds severities 1 and 

2 on a test section, the sum will be 3. If another rater finds severity 2 only, the sum is 2. 

The possible numbers reported are 0, 1, 2, and 3, in a combination of none or all 

severities, leaving the number of alternatives equal to 7: 0, 1, 2, 3, 4, 5, and 6. The cut-off 

coefficient for this distress will be 1.17. 

Alligator Cracking. Alligator cracking will be evaluated by pacing off the lengths of 

each severity located within the test section. In order for this value to be consistent 

among different raters, it will be converted to a percent area of the section (each rater will 

most likely have a different pace length). The percent area will be rounded to the nearest 

5%, according to HPMS requirements, and compared among each rater. The number of 

alternatives will be 36, because the highest possible area within a test section will be 

33.3%, and, due to the rounding, will be reported as 35%. It was decided to use the range 
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of 0-35% as opposed to multiples of 5 (i.e. 0, 5, 10, 15, 20…etc.) to avoid an 

exaggeration of 5 times the actual deviation which would skew the results negatively. 

The cut-off value here will be 6.0. 

Transverse Cracking. Transverse cracking is evaluated by counting the number of 

cracks that occur within a test section. HPMS requires this data item be reported in linear 

feet per mile, which effectively multiplies the number of cracks times 12 feet (the 

average assumed lane width) to obtain a length, and again by 10 to convert the 1/10 mile 

sections that are evaluated to a full one mile section. Hence, the number reported to 

HPMS will be a multiple of 120. According to the state of Nevada’s Pavement Distress 

Manual, the most severe case of transverse cracking will have a crack occurring every 5 

feet, which works out to 106 cracks in a tenth of a mile test section, if the maximum 

number of cracks occur. See Table 4: Nevada Transverse Cracking Limits. 

Table 4: Nevada Transverse Cracking Limits. 

NMDOT 

Extent 

Minimum # of 

Cracks 

Maximum # of 

Cracks 

0 0 0 

1 1 35 

2 36 71 

3 72 106 

 

Therefore, the number of alternatives will be 12,721 (106*120 = 12720, plus one for the 

zero option.) Again, it was decided to use a continuous range rather than multiples of 20 

to avoid skewing results. The cut-off value in this case is 2120.2. After further evaluation, 

these numbers were determined to be grossly overestimating the values the pavement 

evaluators would ever obtain and the cut-off value for good agreement ended up being so 
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large that any variability was dramatically reduced. Data from 2006 to 2009 was analyzed 

in order to determine the largest number of cracks that have been recorded in a test 

section in order to more realistically set these limits. This limit was found to be 51. This 

changes the number of alternatives to 6120 and the cut-off value for good agreement to 

1020.0. 

Longitudinal Cracking. Longitudinal cracking is reported in each severity along with 

corresponding extents. In order to obtain a single index value to be used for comparison, 

it has been decided that a level of distress should be calculated. This level of distress 

consists of the sum of each severity multiplied by the extent of that severity. This distress 

is not required by HPMS, so it will be used entirely for NMDOT purposes. The number 

of alternatives is the sum of each possibility of combinations, 0 – 18, giving 19 total 

possibilities. The cut-off value will be 3.17. 

3.3.3 Detailed Field Measurements 

The new protocol was designed to collect reasonably accurate data using pavement 

evaluators on the roadside. This decision was based predominantly on safety concerns, 

but also factors like time needed for collecting the data and the availability of advanced 

technology, i.e. the automated rutting collection process, which can be done much faster. 

The preceding analyses have demonstrated that a group of pavement evaluators can be 

trained relatively quickly to produce ratings that are both consistent among the group and 

over time; however, for the results to have meaning, they need to represent the actual 

conditions of the pavement. These detailed measurements of pavement distress were 

conducted to ensure that the data being estimated by the pavement evaluators are accurate 

for HPMS data reporting. If the estimating process is not accurately portraying the 
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distress on the roadways, a correction factor can be applied to more closely match the 

pavement conditions found (Bandini et al, 2012). 

Remember that, according to the new protocol for visual distress surveys, all severities 

and their corresponding extents are rated for each distress type. The distress data obtained 

during the visual surveys for flexible pavements include the following: 

1. Alligator cracking: For each severity, the area of alligator cracking is assessed 

from the rater’s pace count, for one or two wheel paths, along the parts of the 

section that exhibit this distress. Note that pace counts for longitudinal cracks 

along the wheel path(s) are included in the area of alligator cracking of 

severity 1 (Low). The rater reports the pace count, not an extent rating, for 

each severity level. The rater’s pace count can be converted into extent rating 

using simple arithmetic and recommendations from the HPMS Field Manual. 

2. Transverse cracking: For each severity, the rater’s count of transverse cracks 

(equal to or longer than 6 ft) is recorded and not the extent rating.  The rater’s 

crack count can be converted into extent rating, again, using simple arithmetic 

and recommendations from the HPMS Field Manual. 

In order to validate the procedure, the approach was to find correlations through 

statistical analysis between raters’ data and detailed field measurements of the extents of 

these two distress types on the same pavement  

s. The detailed measurements in test sites were performed under the supervision of Dr. 

Paola Bandini of New Mexico State University as part of project NM10MNT-01 

(Bandini et al 2012). For these tests, traffic control and warning signs were provided by 
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NMDOT District 1 Maintenance Crew based in Las Cruces, NM to ensure safety of the 

raters, research assistants and traveling public during the detailed field measurements. No 

traffic was allowed in the test section during the work. 

As detailed in the project report, fifteen test sites of flexible pavement were selected to 

include interstate highways (high traffic volume, heavy traffic), U.S. highways 

(medium/high traffic volume) and New Mexico highways (thin AC layer, low traffic 

volume). In selecting the test sites, important factors were considered, including their 

proximity to NMSU main campus, pavement surface condition (distress types, severity 

and extent), absence of potential road hazards for the pavement evaluators, and 

possibility of minimizing disruption of traffic and access to adjacent roads and private 

property during the fieldwork.  Table 9 lists the 15 test sites selected for this work and 

their location.  For the purpose of these measurements, a test section was 0.1 mile long 

and had the width of the driving lane, 12 feet. These are the same characteristics of the 

sample sites evaluated in the NMDOT’s Pavement Distress Data Collection Program 
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Table 5: Test Sites for Field Measurements of Fatigue and Transverse Cracking, 

(NM10MNT-01, Bandini et al 2012) 

Route Milepost Direction General Location 

Begin End 

I-25 

15.0 15.1 
Positive 

(Northbound) 

About 7 miles north of city 

limits, Las Cruces, NM 
15.1 15.2 

15.2 15.3 

I-10 

129.0 129.1 

Positive 

(Eastbound) 

About 3 miles west of Las 

Cruces Airport Interchange 

129.1 129.2 

129.2 129.3 

129.3 129.4 

US 70 

144.9 144.8 
Minus 

(Westbound) 

Picacho Hills area, Las Cruces, 

NM 
  

145.0 144.9 

NM 28 

17.0 17.1 
Positive 

(Northbound) 

About 11 miles south of junction 

with NM 101 (University Ave.), 

Las Cruces, NM 

17.1 17.2 

17.2 17.3 

NM 478 

19.0 19.1 
Positive 

(Northbound) 

About 2 miles south of junction 

with NM 373 (Union Ave.), Las 

Cruces, NM 

19.1 19.2 

19.2 19.3 

 

Three experienced pavement evaluators of the NMSU team performed independent 

ratings using the new protocol of the selected test sites prior to the detailed 

measurements,. After these ratings were completed, the evaluators, graduate research 

assistants, and their professor collaborated and determined by consensus the severity and 

extent of each distress.  

Actual crack lengths of transverse cracks were measured using a measuring wheel. The 

actual area affected by alligator cracking was measured using 3 foot by 3 foot grids made 

of thin laths. 
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Measurement Procedures 

The pavement evaluators and research assistants followed these steps to carry out the 

measurement of areas of alligator cracking and length of transverse and longitudinal 

cracks in each test section (NM10MNT-01, Bandini et al 2012): 

1.  Using white chalk and a measuring wheel, mark the beginning and end of the test 

section. Also, mark 50 ft long subsections starting from the beginning of the test 

section. (The last subsection will be shorter, being just 28 ft.)  Next to each chalk 

mark, write the cumulative distance from the start of the section to that point; for 

example, 0 feet, 50 feet, 100 feet, 150 feet, and so on. Make these marks on the 

pavement surface near the edge stripe.  

In each 50-ft long subsection: 

2. Identify the areas of alligator cracking, transverse cracks and longitudinal cracks. 

Using chalk, write “A,” “T” or “L” on or near the distress. (“A” stands for 

alligator cracking, “T” stands for transverse cracking, and “L” stands for 

longitudinal cracking.) Write the corresponding severity rating (1, 2, or 3) next to 

the letter. For example, “A2” means alligator cracking of severity 2. Use a ruler to 

measure the crack width if needed to determine severity level. For transverse and 

longitudinal cracks, draw a chalk mark across the defect indicating the start and 

end of each crack to facilitate the length measurements (Figure 7). 
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Figure 7: Chalk Markings in Preparation for Measurements (Dr. Paola 

Bandini, NMSU) 

3. Using the measuring wheel, determine the length of each transverse crack, 

regardless of their length or severity. Record the severity and lengths of each 

crack. Take into account the following: 

 Do not include or measure the part(s) of a crack that lie(s) outside 

the test section or beyond one foot of the mid-lane stripe or edge 

stripe. 

 Measure two types of length for each crack. First, measure the 

“actual crack length” following the crack’s wavy or sinuous 

profile (Represented by the continuous line in Figure 31). Record 

this length, reset the counter of the measuring wheel, and measure 

the “length” as if the crack were composed entirely of a straight 

segment. For the 2-point length, follow an imaginary straight line 

between two points located at the ends of the crack (Represented 
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by the segmented line in Figure 8). Record this length and reset 

the counter. Record the corresponding crack type and severity. 

 After each measurement and using chalk, draw a line across the 

crack indicating that it has been already measured and recorded.  

 

 

 

 

Figure 8: Actual vs. Straight-line Length of Transverse Cracks (Dr. Paola Bandini, 

NMSU) 

4. Using chalk, draw an outline around each alligator cracking area. The outline 

should fully contain the alligator cracking area within the test section (Figure 9). 

This line should approximately follow the perimeter of the alligator cracking area, 

about 6 inches beyond the outer cracks. (Alligator cracking must contain at least 

three connected cells; otherwise, disregard it.)   

5. Place the reference grid on the pavement surface over the outlined alligator 

cracking. Mark the location of the grid’s corners with chalk as shown in Figure 

10. Count the number of whole and partial “squares” of the grid that lie on the 

outlined alligator cracking area as shown in Figures 11 and 12. Record this 

number with the corresponding severity. 
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6. If the grid is smaller than the outlined area, move the grid and count the remaining 

“squares” until the complete distress area has been covered. Using chalk, mark the 

alligator crack indicating that it has been already measured. Compute the surface 

area as the sum of the number of whole and partial squares times the pre-

determined area of each square.  

7. If the alligator area is approximately rectangular, you can use a measuring tape to 

determine the dimensions and calculate the area. 

8. Compute the following for each 50-ft subsection and for each severity: 

 Cumulative area of alligator cracking,  

 Cumulative “actual length” of transverse cracks, 

 Cumulative “2-point length” of transverse cracks, 

In the field test, three experienced raters were used. Their averaged data were considered 

instead of their individual data.  
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Figure 9: Outlining Cracking Area 

 

 

 

 

 

 

 

Figure 10: Grid Application 

Figures 9 and 10, Dr. Bandini, NMSU 
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Figure 11: Alligator Cracking Instance 

 

 

 

 

 

 

 

 

Figure 12: Measuring Alligator Cracking Using Grid 

Figures 11 and 12, Dr. Bandini, NMSU 
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Chapter 4 

Results and Discussion 

4.1 Interrater Agreement Results 

4.1.1 Interrater Agreement - Old Method 

Four evaluators were used in collecting data in the old method. Each rater independently 

evaluated each milepost to obtain data points to be used for comparison. Ideally, the 

differences in average deviations about the median would be 0, but anything under 0.67 is 

considered acceptable.  

Figures, 13 and 14, show the average deviation about the median for each distress in both 

rounds of evaluations, separated by distress severity and extent. Note: the red line 

represents 0.67 – the cut-off value for agreement. The horizontal axis shows the distress, 

while the vertical axis shows the average deviation about the median.  
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Figure 13: Summary of Round 1 

 

 

 

 

 

 

 

 

Figure 14: Summary of Round 2 
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It is worthwhile to note that all distresses may be shown on the same graph because they 

are all rated in the same manner, with both severity and extent having a range of 0-3 and 

same number of alternative choices. The general shape of the two graphs is consistent, 

even though the values are slightly different, which demonstrates stability in the rating 

methods. Overall, the agreement between raters is good, with only one distress having 

values above the cut-off – bleeding severity and extent. Previous research has been done 

showing that bleeding had the greatest variability overall, both among student raters and 

between student raters and expert raters (Bogus et al. 2010). An initial review of data 

from the NMDOT pavement evaluation program in 2006 shows that bleeding is a distress 

that is difficult for inexperienced raters to evaluate, while alligator cracking is a distress 

that is both repeatable and reproducible. (Bogus et al 2010), and both of these trends have 

been verified through this experiment as well. These findings further illustrate the need 

for revision of the evaluation protocol and criteria for bleeding. 

4.1.2 Interrater Agreement – New Method 

The following sets of analyses were performed across raters to determine whether the 

criteria and protocols written could be successfully applied to a group of raters and obtain 

a set of results that are relatively identical. This set of tests is examined by milepost – the 

ratings that each evaluator reported are compared according to rating criteria.  

Each distress evaluated under the new method must be shown on a separate graph due to 

inconsistencies in ranges of scores and numbers of alternatives. However, the same basic 

methods of analysis are used and the general approach remains the same. Additionally, 

since the analyses performed on this data set have not been done before, and the 

possibility of higher variation, it was decided that two indices be compared to prove 
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agreement – the average deviations among the mean and the median. After evaluation 

using both of these measures, the values are close enough to each other that there is no 

real effect on the statistical significance of either measure, but both are shown for clarity. 

Alligator Cracking 

Several analyses were carried out because of the new requirements set forth by the 

NMDOT. All severities are mandatory in the new protocol, so each severity was 

evaluated by itself to determine whether the criteria describing each severity were 

adequate and could be repeated. An analysis was also performed on the total alligator 

cracking reported per milepost as another test of the evaluation procedure. If the 

individual severities of alligator cracking rated in the field had large variability and the 

total did not, it would indicate a problem with severity criteria. If the total alligator 

cracking had large variability, it would indicate a problem with rating the extent of the 

distress. The following figures show the results from the data analysis. In all cases, the 

cutoff value for good agreement is 6.0, indicated by the red line once again. Figures 15 

and 16 show the average deviations about the mean and the median by individual 

severity. 
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Figure 15: Alligator Cracking AD(M) by Severity and Round 

 

Figure 16: Alligator Cracking AD(Md) by Severity and Round 
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Large deviations in either of these graphs would indicate that the criteria between 

severities are unclear or that individual raters were having difficulty rating this distress in 

terms of the severity. The values are very close together, and very small, which shows 

that, in general, alligator cracking can be rated consistently and with little variation 

between raters.  

The following figures, 17 and 18, show the average deviations about the mean and 

median for the total amount of alligator cracking found in each milepost plotted on the 

same graph. These values take severity out of the equation entirely and focus purely on 

the totals, giving another measure of variability within the protocol. 

 

 

 

 

 

 

 

Figure 17: Total Alligator Cracking, Round 1 
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Figure 18: Total Alligator Cracking, Round 2 

The average deviations for both rounds are exactly the same, even after multiple data 
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between total amounts of cracking found in the sites and the HPMS reporting 
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than the individual severity deviations, which may indicate that the problem is with rating 
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that it occurs only in the wheelpath, but distinguishing the wheelpath from the rest of the 

lane can be difficult depending on lane width, configuration (i.e. a curve in the road), and 

the type of facility being rated (busier roads with more vehicular traffic make evaluating 

the pavement more challenging). Because the location of the crack may be hard to 

identify from a roadside evaluation, it is possible that some alligator cracking was rated 
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alligator cracking. 
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In order to compare the results of the new method to the old method, a simple arithmetic 

conversion is needed. Note that NMDOT wishes to combine longitudinal cracking that 

occurs in the wheelpath with fatigue cracking, which is consistent with the protocol for 

HPMS reporting. Pavement raters will have recorded lengths of this distress for each 

severity present in the test section. A single longitudinal crack in the wheelpath is 

considered Low severity fatigue cracking, and will be assigned a width of 2 feet for area 

calculations, as recommended by FHWA. 

The alligator cracking calculation produces an area of the test section affected by the 

distress. Because the wheelpaths comprise only 33.3% of the entire lane (which would 

round up to 35%), a scale must be assigned in order to accurately obtain a value to be 

used for the NMDOT system, which operates on a 0 – 100% scale. A linear scale is being 

suggested at this point, with the conversions represented in Table 6. 

Table 6: Alligator Cracking Extent Conversion 

 

 

 

 

 

 

 

 

The original values that the evaluators reported are converted to a percent area to be used 

for HPMS. The percentages are then converted into values that the NMDOT uses for its 

Percent Area – 

HPMS 

Extent - 

NMDOT 

0 0 

5 
1 (1-30 %) 

10 

15 
2 (31-60%) 

20 

25 

3 (61-100%) 30 

35 
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PMS – the 0 through 3 system. An example is shown below, for clarification. Table 7 is a 

data sample taken from Round 1, already calculated into Percent Area for alligator 

cracking. The route is NM0041, sample section taken at milepost 32. 

Table 7: Sample Data for Alligator Cracking 

NM0041 – Milepost 32 

Severity 0 1 2 3 

Square Feet - 48 1320 40 

 

The values will be manipulated mathematically to obtain a value used for HPMS 

reporting. The equation used to derive this number is below. The denominator = 6336 

square feet for test sections of 1/10 mile with 12-foot lanes. 

Cracking Percent (CP) = 
∑                [          ] 

                        
 

Note the “sum” symbol in the equation. This is to combine all severities reported to 

produce one value independent of severity for HPMS. NMDOT requires each severity be 

reported. Milepost 32 has 1320 square feet of Severity 2 alligator cracking. 

Conservatively, the number is rounded up to the next 5% increment. This is most 

advantageous when there is, say, 2.3% of a section affected. It will not get ignored by 

rounding to the nearest 5%, which would be 0. 

  CP = 
    

    
= 20.8%, round to 25% 
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By following Table 5: Alligator Cracking Extent Conversion, a 20% area result for 

HPMS use falls into NMDOT extent 2 (31-60%). The data item to be reported for 

NMDOT use would be [2, 3]. 

The same statistical analysis was performed on the translated values to determine whether 

the data translation process is valid. The cutoff value for agreement is once again 0.67 

since the number of options is back to 4. The figure below shows the resulting AD(M) 

and AD(Md) for each severity after the reported values have been converted to 

NMDOT’s scale. The vertical axis shows the acceptable cutoff point. 

 

 

 

 

 

 

 

Figure 19: Translated AD(M) and AD(Md) for Alligator Cracking 

After conversion to the NMDOT system, the variability among raters is completely 

acceptable, even after the rounding of the percent areas in the first step of the conversion 

that converts the areas to HPMS percentages. Since this measure is extremely important 
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for Federal reporting, it is vital that this distress can be evaluated consistently. This also 

ensures that the state of New Mexico is obtaining extremely reliable data. 

It is interesting to note that the variability is higher when severity levels are eliminated 

from the analysis entirely. Figure 20 shows the variability of total alligator ccracking 

throughout a section by rater. 

 

 

 

 

 

 

Figure 20: Total Alligator Cracking by Rater 
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Transverse Cracking 

Transverse cracking was analyzed in a similar manner as alligator cracking, with both a 

severity analysis and a total amount value. The following figures, 21 and 22, show the 

average deviations about the mean and median across two rounds of evaluations, by 

severity. Remember that the cutoff value for good agreement is 1020.0, indicated by the 

red line. The x-axis depicts the average deviations about the mean and median, and the y-

axis shows the average deviations and cutoff levels for each analysis. 

The values that were calculated fall well below the cut-off value, demonstrating that the 

agreement between raters is very good. It is also worthwhile to note that the agreement 

measure improves from the first to the second round of evaluation. This is an indicator 

that raters’ evaluations improve as time passes. The vertical axis is AD(M). 

 

 

 

 

 

 

 

 

Figure 21: Transverse Cracking AD(M), Through 2 Rounds 
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Figure 22: Transverse Cracking AD(Md), Through 2 Rounds 

Figures 23 and 24 show the average deviations about the mean and median for transverse 

cracking as a whole, with severity completely ignored. This measure is to indicate 

whether the problem with rating transverse cracking falls within the severity or quantity 

domain. The y-axis for both graphs depicts the average deviations and the cutoff levels. 

 

 

 

 

 

Figure 23: Total Transverse Cracking Round 1 
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Figure 24: Total Transverse Cracking Round 2 

The average deviations for both rounds are slightly higher than the individual severity 
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a crack reaches halfway across the lane in order to be counted, according to HPMS 

guidelines. This seemingly simple judgment call is made much more challenging when a 

section of road is in poor condition and it is almost impossible to determine where one 

crack ends and another begins. 

The second part of analyzing this distress is the conversion of the data to a form that 
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assumption had to be made. In order to estimate the maximum number of cracks that may 

occur within a test section, Nevada’s Pavement Evaluation Manual was referenced. 

Nevada assumes that severe transverse cracking is present if a transverse crack occurs 

every 5 feet. If the most severe case of transverse cracking is happening, a transverse 

crack occurs every 5 feet, therefore there will be up to 106 cracks present in the section. 

This methodology was used to create cutoff values according to the number of cracks 

located in a section, however, the actual numbers were adjusted based on previously 

recorded data from previous years. Using percentages of test section area that correspond 

with the NMDOT’s extent reporting values, and the number of cracks that have 

previously coded as each extent, we can set guidelines for how many cracks fall into each 

extent. It was discovered that, on average, less than 8 cracks were rated as an Extent 1, 9 

to 16 cracks were reported as Extent 2, and 17 or higher cracks within a section 

warranted a Severity 3 rating. These threshold values for transverse cracks were 

determined from the data of visual surveys: severity and extent ratings based on the old 

protocol, and severity and crack counts from the proposed (new) protocol.  The data from 

6 raters obtained in round 2 of the distress surveys (NMSU and UNM raters) were used in 

this part of the analysis.  For each section, the mean value of the crack count (new 

protocol) with highest severity present was compared to the extent rating (old protocol). 

For the data available, the mean values of crack count were 6.5, 14.0 and 19.0 for extent 

ratings of 1, 2 and 3 respectively. The standard deviations were 1.7, 2.4 and 1.7 for extent 

ratings of 1, 2 and 3 respectively. For severity 1, the mean plus standard deviation was 

8.2 cracks (approximated to 8), and the mean minus standard deviation for severity 3 was 

17.3 (approximated to 17 cracks). The results are listed in Table 8. 
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Table 8: Extent Ranges for Transverse Cracking 

NMDOT 

Extent 

Minimum # of 

Cracks 

Maximum # of 

Cracks 

0 0 0 

1 1 8 

2 9 16 

3 17 (none) 

 

The number of cracks of a particular severity can be sorted into the appropriate Extent for 

reporting. Extent 0 indicates the distress is not present. 

The original values that the evaluators reported are converted to a linear footage to be 

used for HPMS. These numbers are then converted into values that the NMDOT uses for 

its PMS – the 0 through 3 system. An example is shown below, for clarification. Table 9 

is a data sample taken from Round 1, number of cracks reported of longitudinal cracking. 

The route is NM0041, sample section taken at milepost 3. 

Table 9: Sample Data for Transverse Cracking 

NM0041 – Milepost 3 

Severity 0 1 2 3 

# Cracks - 38 2 0 

 

The pavement raters will simply record the number of each severity of crack present on 

the test section. This can be easily manipulated to produce the data value that HPMS 

requires. A simple algorithm can easily translate the data into the NMDOT format as 

well. By simply following Table 6: Extent Ranges for Transverse Cracking, 3 data pairs 

will be created: [1, 3], [2, 1], and [3, 0].  
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After the evaluators have reported the number of cracks, the new extents are translated 

into NMDOT’s rating scale. Figure 25 shows the results of this analysis. Once again, the 

y-axis depicts average deviation and the cutoff level for agreement. 

 

 

 

 

 

 

 

 

Figure 25: Translated Transverse Cracking AD(M) and AD(Md) By Round 
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to be rated as a severity 1. As a result of the application of the new rating criteria, 

variability in the severity aspect was reduced among raters, as shown in Figure 26.  

 

Figure 26: Raveling & Weathering AD(M) and AD(Md) 
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Even more complexity is added when raters are asked to note all three severities rather 

than the most severe. However, because of revised rating criteria, the variability seen 

previously during the rating of this distress has been reduced. Figure 27 shows the most 

recent analysis of interrater variability. 

 

 

 

 

 

 

 

 

Figure 27: Bleeding AD(M) and AD(Md) By Round 
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within one foot of the edge stripe. Now that data for longitudinal cracking requires that 

each severity be evaluated, the assessing of interrater agreement becomes more 

problematic. It is more difficult for the raters to keep track of each severity and extent 

that occurs, therefore the variability associated with rating this distress was expected to 

increase. Couple that with the rater’s ability to distinguish the exact location of a 

wheelpath, and you will get mixed results.  

This issue is supported by the results shown in Figure 28 for severity ratings. It can be 

seen that the agreement among raters increased significantly and dropped below cut-off 

value (c = 3.17) in round 2 (shown on the y-axis). This is likely due to the experience and 

familiarity about the criteria and procedures gained by the raters with time and training.  

 

 

 

 

 

 

Figure 28: Longitudinal Cracking, Rounds 1 and 2 
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success of the new protocol, the average deviations about the median were compared and 

shown in Figure 29.  

 

 

 

 

 

 

 

 

Figure 29: Averaged AD(Md) – Old and New Protocols 
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evaluate alligator cracking, severity 1 regardless of when he performs the evaluation. The 

following paragraphs will demonstrate the results of this analysis by individual distress. It 

is important to note that the same testing methodology will be used, the average deviation 

indices, and that a smaller number indicates that the individual rater is more consistent. 

The data used in the following analyses are the ratings obtained from the new protocol, 

rounds 1 and 2, for each evaluator. Because there are only 2 data points, the mean and the 

median for each set are the same, which makes the average deviation about the mean and 

median also the same, which is why only one set will be shown. 

Alligator Cracking 

The amount (total area) of alligator cracking recorded by each rater by test section was 

compared between the two rounds of data collection and separated by severity. The 

average deviations are shown in Figure 30 with the average deviation and cutoff level 

depicted on the y-axis. 

 

 

 

 

 

 

Figure 30: Alligator Cracking by Rater and Severity 
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All three raters’ observations fall well below the acceptable level of variation. From this 

graph, it can be deduced that severity 2 is the most variable from round to round. When 

the total amount of alligator cracking within a section is compared between rounds, the 

variability is slightly different, shown in Figure 30. 

All three raters can accurately rate the same section twice, as the average deviations are 

within the acceptable limits. It is believed that the deviations are higher than the group 

deviations because there are fewer data points to compare to; the raters only had 2 

rounds. More rounds of rating the same section would most likely reduce the standard 

deviation. See Figure 31. 

 

 

 

 

 

 

Figure 31: Rater Agreement over Time – Alligator Cracking 
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the same number of cracks in the same section by severity consistently. The results of the 

average deviation analysis are shown below in Figure 32.  

 

 

 

 

 

 

Figure 32: Transverse Cracking by Rater and Severity 
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Figure 33: Total Transverse Cracking by Rater 
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Figure 34: Rater Agreement Over Time – Transverse Cracking 

The results show that the raters were able to rate the same sections relatively accurately, 

with the deviations falling well within accepted levels. 
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Figure 35: Total Raveling & Weathering by Rater 

Raveling and weathering was also checked to determine if raters could consistently 

evaluate this distress over time. The results are shown in Figure 36 below: 

 

 

 

 

 

 

 

Figure 36: Raveling/Weathering by Rater over Time 
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As the figure shows, all raters are consistently able to evaluate raveling and weathering 

over time. Raters two and three have more trouble being consistent than the overall group 

results, which may be the rater or the fact that there are only two rounds to compare to, 

rather than several raters over several rounds being compared at once. 

Bleeding 

This distress showed a greater variability than the rest, not surprisingly. The raters 

continued to have a difficult time rating bleeding consistently. Figure 37 shows the 

results. Since bleeding has more options and various numbers are assigned to each rating 

combination, there is a difference between the mean and median, therefore the average 

deviations about the mean and median are shown for completeness.  

Because the deviations within rounds according to rater are higher than those of the 

interrater agreement, it seems the concern is with repeatability of the evaluation. Upon 

closer inspection of the data, the raters are not consistently identifying and/or recording 

all instances of bleeding that occur within the test section. This could be due to traffic, 

time of day, or other distractions that occur while rating pavement from the roadside.  
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Figure 37: Bleeding Summary by Rater 

Agreement over time was evaluated for this distress also. The results are shown below, in 

Figure 38. 

 

 

 

 

 

 

Figure 38: Rater Agreement Over Time - Bleeding 
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Again, this evaluation follows the trend of rater agreement over time having a higher 

average deviation than the whole group. This analysis shows that only one rater has 

acceptable results. The outcome of this is also not surprising, considering the level of 

difficulty in rating this distress to begin with, and, with more time, the average deviations 

are expected to go down. 

Longitudinal Cracking 

The agreement analysis for longitudinal cracking fell in line with the rest of the results. 

For the most part, the raters were consistent, and the values are within tolerances. See 

Figure 39 for details. 

 

 

 

 

 

 

Figure 39: Longitudinal Cracking by Rater 
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robust than the previous set, less objective, per se, and that there is room for improvement 

in group calibration activities.  

The same analysis was performed to confirm rater agreement over time wth longitudinal 

cracking. The results are shown in Figure 40. The results are mixed; two of the three 

raters are able to evaluate this distress within acceptable limits. The main cause for this 

disagreement is most likely the changes in protocols, as now longitudinal cracking is 

combined with edge cracking, and the rater may be unsure of the location of the cracking, 

marking it as wheelpath rather than outside the wheelpath. 

 

 

 

 

 

 

 

Figure 40: Rater Agreement over Time – Longitudinal Cracking 
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4.3 Rating Estimation vs. Actual Measurements 

4.3.1 Transverse Cracking Analysis 

The new protocol requires that evaluators count only cracks that are half lane width (6 ft) 

or more, leaving the shorter cracks out of the rating. This brought up the concern that 

perhaps the overall amount of cracking would be under- or over-represented by making 

this decision. On one hand, there may be plenty of smaller cracks that make up for this 

difference in cumulative length; on the other, the evaluation could be grossly 

overestimating total length per mile if there are no smaller cracks to make up the 

discrepancy. An additional concern was that regarding the shape of the cracks. Typically, 

transverse cracks are not straight-line cracks; they are irregular and they tend to have a 

sinuous, wavy shape. An extra set of data was collected to ensure this did not have a 

significant effect on the total crack length as well.  Both of these factors were taken into 

consideration when determining if a correction factor was needed to calculate HPMS data 

from the estimated quantities of distress found throughout the network.  

The field measurements provided the actual length of transverse cracking per section for 

this analysis. Transverse cracks were measured and separated into 2 categories: cracks 6 

feet and longer, and those under 6 feet. These measurements are sorted by crack severity 

in Table 10. 
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Table 10: Field Measurements and Estimates of Transverse Cracking Length 

Route Milepost Severity 

Estimated 

Length 

by Raters 

Actual 

Length, 

>6ft 

Actual 

Length, 

All 

Difference, 

Estimate 

and >6ft 

Difference, 

Estimate 

and All 

NM 28 17.0 1 192 229.6 305.1 37.6 113.1 

NM 28 17.1 1 412 374.8 491.2 -37.2 79.2 

NM 28 17.2 1 356 384.9 466.9 28.9 110.9 

I 25 15.0 1 80 109.5 134.4 29.5 54.4 

I 25 15.1 1 100 73.3 146.1 -26.7 46.1 

I 25 15.2 1 48 37.8 67.0 -10.2 19.0 

I 10 129.0 1 88 70.7 92.8 -17.3 4.8 

I 10 129.1 1 24 25.1 60.8 1.1 36.8 

I 10 129.2 1 48 32.1 67.5 -15.9 19.5 

I 10 129.3 1 44 22.9 54.0 -21.1 10.0 

US 70  144.8 1 32 16.5 164.8 -15.5 132.8 

US 70  144.9 1 64 44.9 346.7 -19.1 282.7 

NM 478 19.0 1 276 293.8 305.8 17.8 29.8 

NM 478 19.1 1 342 339.0 375.7 -3.0 33.7 

NM 478 19.2 1 360 375.3 408.0 15.3 48.0 

NM 28 17.0 2 28 39.8 65.8 11.8 37.8 

NM 28 17.1 2 60 119.0 143.8 59.0 83.8 

NM 28 17.2 2 8 6.0 6.0 -2.0 -2.0 

I 25 15.0 2 0 0.0 0.0 0.0 0.0 

I 25 15.1 2 0 0.0 0.0 0.0 0.0 

I 25 15.2 2 0 0.0 0.0 0.0 0.0 

I 10 129.0 2 0 0.0 0.0 0.0 0.0 

I 10 129.1 2 8 0.0 0.0 -8.0 -8.0 

I 10 129.2 2 0 0.0 0.0 0.0 0.0 

I 10 129.3 2 0 0.0 0.0 0.0 0.0 

US 70  144.8 2 40 36.3 55.7 -3.7 15.7 

US 70  144.9 2 84 95.5 126.3 11.5 42.3 

NM 478 19.0 2 54 133.5 133.5 79.5 79.5 

NM 478 19.1 2 24 30.8 39.3 6.8 15.3 

NM 478 19.2 2 0 0.0 0.0 0.0 0.0 

NM 28 17.0 3 0 0.0 0.0 0.0 0.0 

NM 28 17.1 3 0 0.0 0.0 0.0 0.0 

NM 28 17.2 3 0 0.0 0.0 0.0 0.0 
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Route Milepost Severity 

Estimated 

Length 

by Raters 

Actual 

Length, 

>6ft 

Actual 

Length, 

All 

Difference, 

Estimate 

and >6ft 

Difference, 

Estimate 

and All 

        

I 25 15.0 3 0 0.0 0.0 0.0 0.0 

I 25 15.1 3 0 0.0 0.0 0.0 0.0 

I 25 15.2 3 0 0.0 0.0 0.0 0.0 

I 10 129.0 3 0 0.0 0.0 0.0 0.0 

I 10 129.1 3 0 0.0 0.0 0.0 0.0 

I 10 129.2 3 0 0.0 0.0 0.0 0.0 

I 10 129.3 3 0 0.0 0.0 0.0 0.0 

US 70  144.8 3 16 0.0 5.7 -16.0 -10.3 

US 70  144.9 3 28 9.4 9.4 -18.6 -18.6 

NM 478 19.0 3 0 0.0 0.0 0.0 0.0 

NM 478 19.1 3 0 0.0 0.0 0.0 0.0 

NM 478 19.2 3 0 0.0 0.0 0.0 0.0 

Table 10: Field Measurements and Estimates of Transverse Cracking Length, 

Continued 

Figures 41 and 42 show the correlations between the estimated data obtained from the 

evaluators and the actual detailed measurements taken in the field. The estimates 

provided by the raters tend to underestimate the total length of all cracks in a section by 

around 25%, with a coefficient of determination (R²) of 0.87. When the estimates are 

compared to the total length of cracks only 6 feet or longer, the correlation improves 

dramatically and the R² = 0.97. This makes sense because the parameters are the same in 

this analysis, and gives credibility to the raters’ ability to accurately judge the amount of 

cracking within a test section using the new protocol.  

The average cumulative difference between the raters’ count and the detailed 

measurements was 2 feet and the standard deviation was 20.3 ft. Effectively, this amounts 

to only 2 cracks at the most that are responsible for the variance, which is very small 
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when considering a 0.1 mile section. Finally, the length of transverse cracking for HPMS 

reporting can be estimated from the cumulative length estimated from raters’ data using a 

multiplication factor of 1.25 (equation shown in Figure 36). 

 

 

 

 

 

 

Figure 41: Raters’ Estimated vs. Actual Length, All Transverse Cracking 

 

 

 

 

 

 

Figure 42: Raters’ Estimated vs. Actual Length, Transverse Cracking >6 feet 
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4.3.2 Effect of Crack Geometry 

The field measurements regarding 2-point (straight-line) versus actual crack length are 

given in Table 11. Figure 43 compares these lengths in order to determine whether the 

shape of the crack affects its length significantly enough to require an adjustment factor. 

In this figure, the segmented line represents the equality (both parameters are equal, y = 

x) and the continuous line is the best-fit line. The R
2
 value is 1.00 indicating that the best-

fit equation predicts the relationship between actual and 2-point length measurements for 

transverse cracks. 

Table 11: Transverse Cracking 2-Point and Actual Length Field Measurements 

Milepost Severity 
Estimated 

Length 

by Raters 

Actual 

Length, 

All 

2-

Point 

Length 

Difference 
Percent 

Difference 

17.0 1 192 305.1 293.9 11.2 3.7 

17.1 1 412 491.2 462.2 29.0 5.9 

17.2 1 356 466.9 433.4 33.5 7.2 

15.0 1 80 134.4 124.6 9.8 7.3 

15.1 1 100 146.1 134.7 11.4 7.8 

15.2 1 48 67.0 60.9 6.1 9.1 

129.0 1 88 92.8 88.7 4.1 4.4 

129.1 1 24 60.8 56.3 4.5 7.4 

129.2 1 48 67.5 63.6 3.9 5.8 

129.3 1 44 54.0 49.4 4.6 8.5 

144.8 1 32 164.8 153.9 10.9 6.6 

144.9 1 64 346.7 324.6 22.1 6.4 

19.0 1 276 305.8 289.1 16.7 5.5 

19.1 1 342 375.7 360.0 15.7 4.2 

19.2 1 360 408.0 378.7 29.3 7.2 

17.0 2 28 65.8 62.9 2.9 4.4 

17.1 2 60 143.8 136.6 7.2 5.0 

17.2 2 8 6.0 5.9 0.1 1.7 

15.0 2 0 0.0 0.0 0.0 0.0 
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Milepost Severity 
Estimated 

Length 

by Raters 

Actual 

Length, 

All 

2-

Point 

Length 

Difference 
Percent 

Difference 

       

15.1 2 0 0.0 0.0 0.0 0.0 

15.2 2 0 0.0 0.0 0.0 0.0 

129.0 2 0 0.0 0.0 0.0 0.0 

129.1 2 8 0.0 0.0 0.0 0.0 

129.2 2 0 0.0 0.0 0.0 0.0 

129.3 2 0 0.0 0.0 0.0 0.0 

144.8 2 40 55.7 51.5 4.2 7.5 

144.9 2 84 126.3 109.2 17.1 13.5 

19.0 2 54 133.5 122.7 10.8 8.1 

19.1 2 24 39.3 36.9 2.4 6.1 

19.2 2 0 0.0 0.0 0.0 0.0 

17.0 3 0 0.0 0.0 0.0 0.0 

17.1 3 0 0.0 0.0 0.0 0.0 

17.2 3 0 0.0 0.0 0.0 0.0 

15.0 3 0 0.0 0.0 0.0 0.0 

15.1 3 0 0.0 0.0 0.0 0.0 

15.2 3 0 0.0 0.0 0.0 0.0 

129.0 3 0 0.0 0.0 0.0 0.0 

129.1 3 0 0.0 0.0 0.0 0.0 

129.2 3 0 0.0 0.0 0.0 0.0 

129.3 3 0 0.0 0.0 0.0 0.0 

144.8 3 16 5.7 5.3 0.4 7.0 

144.9 3 28 9.4 9.4 0.0 0.0 

19.0 3 0 0.0 0.0 0.0 0.0 

19.1 3 0 0.0 0.0 0.0 0.0 

19.2 3 0 0.0 0.0 0.0 0.0 

Table 11: Transverse Cracking 2-Point and Actual Length Field Measurements, 

Continued 
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Figure 43: Actual Length vs. 2-Point Length, Cumulative Transverse Cracking 

The mean and standard deviation of the length difference were 6 ft and 8.8 ft, 

respectively. The mean and standard deviation of the percent difference were 3% and 

3.7%, respectively. Considering that the HPMS and PMS parameters are estimated from 

raters’ data and that the purposes of the visual surveys and both HPMS and PMS data are 

to evaluate pavement condition at the network level, the difference found between actual 

and 2-point length is not significant in practice and should not be a concern in regard to 

the quality of the information estimated from visual distress surveys. 

4.3.3 Alligator Cracking Analysis 

The new protocol for visual distress surveys requires that pavement evaluators report 

their pace count of every instance of alligator cracking found within each test section and 

also whether the cracking is present in one or two wheelpaths. This rating includes 

longitudinal cracking present within the wheelpaths, as is a common industry practice. 
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For each severity of cracking, as shown previously, the area of the test section affected is 

calculated by multiplying the number of paces by the evaluator’s pace length by the 

number of wheelpaths by the assumed wheelpath width of 2 feet. Field measurements 

were taken from the same mileposts used in the transverse cracking analysis. Table 12 

shows the results from the detailed field measurements. 

Table 12: Field Measurements for Alligator Cracking Analysis 

Route Milepost Severity 

Rating 

Area by 

Raters 

Measured 

Area 

Comments 

NM 28 17.0 P 1 25.5 75.3   

NM 28 17.1 P 1 195.5 160.2   

NM 28 17.2 P 1 81.2 211.8   

I 25 15.0 P 1 534.1 347.5 Discrepancy - omitted. 

I 25 15.1 P 1 951.3 1033.3   

I 25 15.2 P 1 349.5 461.8   

I 10 129.0 P 1 50.3 33.5   

I 10 129.1 P 1 0.0 0.0   

I 10 129.2 P 1 0.0 0.0   

I 10 129.3 P 1 0.0 0.0   

US 70 144.8 M 1 488.8 739.5 Area much wider than 2 feet. 

US 70 144.9 M 1 255.0 981.7 Area much wider than 2 feet. 

NM 478 19.0 P 1 192.3 239.5   

NM 478 19.1 P 1 406.5 562.7    

NM 478 19.2 P 1 274.4 416.5   

NM 28 17.0 P 2 1.8 14.7   

NM 28 17.1 P 2 64.3 162.5    

NM 28 17.2 P 2 364.7 341.1    

I 25 15.0 P 2 0.0 168.2 Discrepancy - omitted. 

I 25 15.1 P 2 0.0 61.5    

I 25 15.2 P 2 14.4 19.9    

I 10 129.0 P 2 57.3 45.9    

I 10 129.1 P 2 0.0 0.0    

I 10 129.2 P 2 0.0 0.0    

I 10 129.3 P 2 0.0 0.0    
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Route Milepost Severity 

Rating 

Area by 

Raters 

Measured 

Area 

Comments 

US 70 144.8 M 2 62.4 196.1 Area much wider than 2 feet. 

US 70 144.9 M 2 61.0 219.8 Area much wider than 2 feet. 

NM 478 19.0 P 2 0.0 23.5   

NM 478 19.1 P 2 0.0 2.3  

NM 478 19.2 P 2 0.0 0.0   

Table 12: Field Measurements for Alligator Cracking Analysis, Continued 

Two data points were omitted from the analysis because they showed discrepancies in the 

values obtained by raters and by measurements. The three raters reported longitudinal 

cracks along the wheel path of severity 1 only. In a second look and by consensus, some 

of these cracks were upgraded to severity 2 when measured and recorded in the field 

tests. The sum of the alligator cracking area of severities 1 and 2 from field tests was 

515.7 ft
2
, which is very close to the average area of alligator cracking from the three 

raters (534.1 ft
2
). 

It is important to note that these test sections did not contain any alligator cracking of 

severity 3. In some cases, instances of alligator cracking of severity 2 or higher can have 

a width greater than 2 feet, which is the assumed width recommended by FHWA in 

calculating the area affected. This was particularly evident in the measurements taken on 

US 70 and also indicated  in the results of the analysis, which shows that the raters’ 

evaluations underestimate the area of alligator cracking present in the test section by 

approximately 30%, as demonstrated in Figure 44. The dashed line represents the perfect 

fit (y = x). 
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Figure 44: Alligator Cracking, Estimated Area vs. Detailed Measurements 

Given the results of this analysis, the HPMS reporting data can be obtained by 

multiplying the calculated area of alligator cracking by a factor of 1.30 to account for the 

underestimation of the true area by raters’ pacing methods. 
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shoving will be collected using a laser profilometer and, and patching has been 

eliminated altogether, the reasoning being that patching is not a maintenance solution for 

the types of roads that are rated for HPMS purposes. Another change is that longitudinal 
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distresses that are collected manually. The assumptions listed below are those required to 

form a direct comparison between the old and new methods: 

 Rutting and shoving and patching will be assumed to remain constant. The same 

values will be used in both analyses. 

 Because longitudinal and edge cracking have been combined, the same values 

will be used for these distresses, although their respective weights will be used.  

 Only the extent of the worst severity reported will be used, since the old protocol 

only calls for worst severity present to be rated. 

The comparison of the distress rates in the old and new methods between rounds (i.e. Old 

Method Round 1 vs. Old Method Round 2) are not affected by these assumptions.  

The data collected from all mileposts was entered into the distress rate formula and 

compared among rounds. Figure 45 shows the correlation between rounds for the old 

protocol. The relationship between rounds is very nearly equal (y = x). This suggests that 

the data collected in the old protocol does not contribute to extreme variation in the 

distress rate between ratings 
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Figure 45: Distress Rate Comparison – Old Method 

The new protocol collects data by counting the number of transverse cracks and 

calculates percent area for alligator cracking, therefore, the data must be translated into 

the same terms as the old protocol (severity and extents) to be used in the distress rate 
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distresses into severity and extent. Figure 46 shows the relationship between rounds of 

the new protocol’s distress rates. The relation is nearly one to one in this case also, 

suggesting that the distress rate is not sensitive to methods of data collection within the 

new protocol as well and can produce consistent distress rates to be used in calculating 

the PSI, which is important on several levels for management and federal reporting. 
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Figure 46: Distress Rate Comparison: Translated New Protocol 

While distress rates are consistent among old and new protocols, it is also imperative to 

compare the distress rate between the methods to be able to evaluate the consistency of 

important measures after the switch to the new protocol. Since the distress rate is used in 

New Mexico’s PSI, if there are large changes, the reported conditions of the network 

could drastically change within one reporting cycle, creating a potential problem 

regarding legislation and budgetary needs. Figures 47 and 48 show the results of the new 

protocol compared to the old protocol in round 1 and round 2, respectively. The results 

are also statistically acceptable, indicating that the translation between methods and 

adopting the new method of data collection will not adversely affect reporting 

requirements or change the PSI values dramatically. 
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Figure 47: Distress Rate Comparison – New vs. Old Protocols – Round 1 

 

 

 

 

 

 

Figure 48: Distress Rate Comparison – New vs. Old Protocols – Round 2 
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4.5 Time Required for Visual Surveys 

The new protocol for flexible pavements evaluates five distress types. For raveling and 

weathering, raters report the highest severity rating only. The extent of the distress of 

raveling and weathering is assumed to be 3 (high), indicating the whole section is 

affected. For bleeding, the new protocol rates all severity levels present and assumes that 

the extent of each severity found is 1 (Low).  For these two distresses, the time required 

to rate and report the information is about the same as in the old protocol. 

For the transverse, longitudinal and alligator cracking, the new protocol requires that the 

raters report all severity levels and the corresponding extent of those severities, given in 

either paces (or pace counts) or extent. The raters will have to keep track of pace and 

percentage of section for several distress types and severity levels. For sample sections 

having all or most distress types considered by the new protocol and in fair or poor 

condition, the time required for the survey may be longer compared to the old protocol. 

The required survey time per section also may vary with the level of experience of the 

raters. However, in the trial runs performed by UNM and NMSU crews, the time required 

to evaluate a given section was comparable for both protocols.  

Data collected by Rater 1 of UNM were analyzed for time to complete the field rating. 

Rater 1 was the only evaluator who had listed times on every milepost and, therefore, had 

the most complete data set regarding time. An additional column in Table 13 was added 

to compare the distress rate with the time required to rate the section. Overall, no 

correlation was found between the distress rate and the time it takes a rater to evaluate a 

section. The expectation was to find higher distress rates in mileposts that took the 

longest to rate, but this did not happen. This could have occurred because of the way the 
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distress rate is calculated, which places much heavier weights on certain distresses while 

virtually ignoring others. The average time that it took Rater 1 to evaluate test sections in 

the old and new protocols was very close, suggesting that the time it takes to apply these 

protocols do not differ as much as previously thought. In most cases, the new protocol 

actually took less time to complete, but it is important to note that by the time of 

implementation of the new protocol, the rater had already had some practice rating 

sections at least twice, so the experience could have played a role. The more experience 

the raters have, the faster they are able to rate sections. The summary of the rating times 

is shown in Table 13. 

 

Table 13: Rater 1 – Evaluation Times 

  Distress Rate - Old Distress Rate - New Time to Rate (min) 

Route MP   Old New 

NM0041 0-P 43 41 12 7 

  1-P 47 49 14 7 

  2-P 91 91 15 11 

  3-P 86 99 10 12 

  29-P 215 240 10 11 

  30-P 282 257 8 7 

  31-P 284 359 11 11 

  32-P 241 291 10 9 

NM0014 0-P 205 250 10 8 

  1-P 250 250 10 8 

  2-P 250 250 8 8 

  3-P 215 215 11 11 

US0550 0-P 45 52 11 9 

  1-P 105 195 8 7 

  2-P 191 185 11 10 

  3-P 211 211 11 10 
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  Distress Rate - Old Distress Rate - New Time to Rate (min) 

Route MP   Old New 

NM0556 12-M 31 27 9 9 

  13-M 12 12 9 9 

  14-M 49 24 13 10 

  15-M 0 2 10 6 

NM0006 0-P 306 304 11 9 

  1-P 115 62 13 11 

  2-P 130 152 11 9 

  3-P 153 158 13 11 

Average Time  10.8 9.2 

Table 13: Rater 1 – Evaluation Times, Continued 
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Chapter 5  

Conclusions 

5.1 Conclusions 

This study compared two methods of manual data collection of pavement distress. The 

“old” protocol was the method currently in place in New Mexico’s Department of 

Transportation Pavement Management System prior to this study, up to 2011. This 

method used a severity and extent structure that reports the highest severity along with 

the extent of that severity in a 0, 1, 2,or 3 format. The format that distress data had been 

previously reported according to the “old” protocol was not useful for the needs of the 

Federal Highway Administration’s Highway Performance Monitoring System, a federally 

mandated pavement management system. The latter requires annual reporting of specific 

distress measures. As a result, a new protocol was developed and tested for use in the 

HPMS and the state of New Mexico’s Pavement Management System. The new protocol 

was tested for data reliability among several raters using interrater reliability processes. 

This protocol was also tested using the same processes of a given rater over time to 

determine repeatability of this new method through average deviation analysis. Overall, 

the data collected using the new format are more consistent than the old protocol and 

serve the purpose of meeting both agencies’ needs regarding data reporting and minimal 

disruption of legacy data flow.  
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5.1.1 Observations 

Although the pavement evaluators who participated in the data collection were relatively 

inexperienced, the ranges of acceptability were met in almost every distress analyzed. 

Overall, the general trend for the data collection analyses shows a decreasing variability 

across rounds, regardless of the method used. This is important to note because it 

demonstrates the value of training and experience with regards to data consistency.  

It is worth mentioning also that the state of New Mexico adopted the new protocol as of 

summer 2012. The data will be collected from May through August. 

5.1.2 Time-History Data Collection Issues  

One of the major challenges of successfully implementing and maintaining a PMS is 

ensuring consistency of legacy data when new techniques and technologies are 

implemented. More often than not, pavement management data are stored in several 

databases that use different identifiers and terms within a single agency. These legacy 

systems can have unique identifiers that are difficult or impossible to update to current 

technology and systems (AASHTO, 2001). Compatibility of the pavement condition data 

collection over time is very important for supporting effective pavement management. 

Quality time-series of pavement condition data are needed to develop reliable 

deterioration models, measure the impact of maintenance and rehabilitation treatments, 

develop multi-year work plans, and optimize the allocation of resources (Flintsch & 

McGhee, 2009). Therefore, it is important that the new and legacy data are compatible or 

can be made compatible through an appropriate conversion. This applies to the actual 

data attributes (e.g., type of crack and length) and to the location referencing. The use of 

appropriate metadata can facilitate the transition. The issue of ensuring consistency over 
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time is particularly important at the onset of adopting automated technologies. This 

typically creates significant challenges in terms of ensuring that the criteria and metadata 

are properly referenced. 

5.1.3 Pavement Condition Data Consistency 

The first concern with the adoption of a new data collection technology or with the 

contracting of a service provider is the verification that the pavement measurements are 

at least as accurate as the existing data and consistent with agency protocols and 

requirements (NCHRP, 2009). Furthermore, it is also important that the new data can be 

processed to provide pavement condition indicators that are consistent with the agency’s 

historical data to allow time-history analyses. For example, it is important that automated 

crack detection systems provide the same results as the agency’s visual method. 

Verification tests could be included in the quality management programs to verify this 

agreement. Several DOTs have used a pre-qualification process, in which the agencies 

ask potential service providers to conduct measurements on several control sections for 

which the agency has conducted reference measurements. Another example is the 

certification process that has been proposed for profilers. Verification of the consistency 

of the data is also important when changing service providers or when the service 

providers (or the agency itself) use more than one pavement data collection piece of 

equipment or technology. The main reason that most agencies resist changes in data 

collection methods is that their banks of legacy data may no longer be useful (McGhee, 

2004). 
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5.2 Implementation 

The new protocol was implemented in the summer of 2012 by the NMDOT. The author 

of this thesis provided a week-long training event for the students at both UNM and 

NMSU, with the assistance of the Principal Investigators of the project, Dr. Susan Bogus 

Halter (UNM) and Dr. Paola Bandini (NMSU), and Mr. Robert Young from the 

NMDOT. This training covered the pavement distresses, causes, rating criteria, and 

practice sessions in the field. The week following the training, the universities took over 

and did more practice sessions and provided training on office and clerical procedures, 

scheduling, and procedures that are required by each university. The training is done 

typically one or two weeks after finals week, so that the collection process can 

immediately begin to ensure the required routes are collected within the appropriate time 

frame over the summer.  

The universities were required to collect data on all of the NHS routes and one-half of the 

non-NHS routes in the New Mexico State Highway System (about 10,222 data collection 

sites) assigned to the universities based on location, northern and southern parts of the 

state. However, because of better than anticipated productivity on the part of the data 

collection crews, the universities collected data on 15,292 data collection sites, nearly the 

entire New Mexico State Highway System.  

UNM and NMSU completed the evaluation of the New Mexico State Highway System in 

August 2012, fulfilling the terms and conditions of their contracts. As a result, the 

Department is in compliance with State and Federal laws. In each of the five years when 

UNM and NMSU were contracted for distress data collection since 2006, the universities 

submitted the required data on time, under budget, and with a perfect safety record. There 
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were no reportable problems or negative incidents during the distress data collection 

activities. This program has been very successful in terms of cost, data quality and 

deliverables, and timely completion. 

The NMDOT received all necessary data from the universities for State highway system 

oversight and management up to 2012. The data is being loaded into the Department’s 

upgraded Pavement Management System (PMS) which will provide the Department’s 

decision makers with a factual basis for making investment decisions. These decisions 

will affect many millions of dollars of taxpayer money and the information needed to 

determine the needs of the network as a whole. The data will also aid in formulating 

statewide programs of new construction, rehabilitation and maintenance programs to 

optimize the use of scarce state and federal funds over the New Mexico State Highway 

System. 

The results of the Quality Assurance (QA) program are being finalized but the data is of 

good quality. The Department’s quality checks require 5% of the total student data points 

be evaluated by Department personnel that was trained at the same time as the students. 

Of 483 sites where Quality Assurance checks were conducted, there were only 32 sites 

across both schools where one of the seven distresses measured by the corresponding QA 

Inspector was inconsistent with the data collected by the universities as per the minimum 

acceptable limits of variability defined in the Department’s Pavement Distress Data 

Quality Management Plan (less than 1%). At the time of this thesis, it is unclear whether 

the pavement evaluators or the QA personnel were having the most difficulty rating 

sections. These 32 sites are being re-examined by Independent Verification Inspectors to 

determine the reasons for the inconsistencies. Upon first look, it seems that raters are 
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having the most difficulty with rating bleeding, which was expected due to the nature of 

the distress or rating criteria. 

Each university was asked to provide feedback on the new data collection methods. 

These suggestions were provided by Robert Young (personal email, March 2012). 

UNM has provided the following recommendations for improving the Pavement Distress 

Data Collection Program: 

1. The student evaluators suggested that more time be spent on field training and 

less with slide presentations, especially rating concerns with cracking in locations 

with curb and gutter and bleeding. Additional field training should improve 

agreement on evaluations among the crew members. The training time spent on  

performing an evaluation of rigid pavement could be reduced. In addition, it was 

suggested that more time be spent on explaining the information contained in the 

reference books, including the route termini and route lists. This should improve 

the amount of miles evaluated per day, as evaluators will spend less time trying to 

find a specific route. 

2. The NMDOT’s Access database pavement condition software provided evaluators 

with a graphical interface to enter distress data. Each evaluation crew entered into 

the electronic forms stored in their portable computers their daily distress 

evaluations, which were then retrieved in a text file on a weekly basis. The text 

files contained all of the evaluations to date for a given crew. The 2012 UNM 

evaluation team made suggestions on the issue of data entry. These included 

changing the way exceptions forms work, in order to allow the evaluators to edit 
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them, when necessary. Because of this problem, some exceptions forms were 

duplicated in the text files. Another issue that was found by the UNM evaluation 

team was the fact that NMDOT did not update the database with the milepost 

exceptions and changes recommended in 2009, causing confusion in some areas, 

due to contradictions among the database, the route termini, and master route list. 

Lastly, the students addressed the need for a more keyboard-friendly interface. 

They feel that the latter will let them enter the data more easily, especially when 

they are in the field. 

NMSU has provided the following recommendations for improving the Pavement 

Distress Data Collection Program: 

1. The NMDOT’s Access database pavement condition software was used by the 

raters to input the distress data. The software produces a text file with the distress 

up-to-date data uploaded in a given portable computer. The part of the software to 

create or edit exceptions (i.e., when test sections are not in the database) was 

found to have problems. Once an exception was created, it was not possible to 

edit the data for this section or delete the exception from the computer. Also, the 

location and pavement type information shown in the exception files did not 

correspond to the respective test sections. To avoid confusions, the NMSU team 

had to correct these errors manually before the files could be submitted to the 

NMDOT Project Manager.  

2. The master database in the NMDOT software does not contain a number of test 

sections that were assigned to the crews. These test sections had to be input in the 

software as “exceptions.” It is recommended that the test sections reported in the 
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exception files that are permanent be incorporated in the master database. Also, 

duplicated test sections (i.e., those that appear in both flexible and rigid databases) 

should be corrected in the master database. Exceptions due to permanent features 

in the highway (e.g. ramp, weight station or bridge within a given test section) 

should be corrected in the master database. Also, test sections in unpaved roads 

should be deleted from the database. Information provided by the raters in the 

“Remarks” field of the data forms can also be used to update the database. These 

corrections will significantly reduce the work of the crews regarding uploading 

data and reduce or eliminate errors and confusion in the process.  

3. Regarding the rating criteria for flexible pavements, two raters suggested that 

Bleeding should be rated with both severity and extent. They found test sections 

with a given severity level in more than 30% of the section area. Currently, all the 

severity levels of Bleeding are reported, and the extent of each severity level is 

not rated or reported. This part of the criterion may deserve further discussion.  

4. It is recommended to clarify the rating criteria for Longitudinal Cracking and 

Edge Cracking, particularly for test sections with curb and gutter. 

5. It will be useful for the NMSU team to receive from NMDOT the road 

maintenance and construction schedule for the data collection period within the 

NMSU area before the field work starts.  

6. In addition to the data input by the raters, the text files for flexible test sections 

contained data calculated or deduced by the software. It was found that the 

software writes “3” in the columns labeled as severity of Alligator Cracking and 
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Transverse Cracking when the severity and extent of these distresses are zero. 

This part of the software needs to be reviewed carefully. 

Because this was the first year that the new protocol was implemented, we expected that 

there would be bugs that needed correction. The distress data software system had to be 

entirely reprogrammed to accommodate the new data formats. The testing time available 

to test the software was short. The database issues may take more time to fix, as the 

NMDOT has several databases that interact with each other in the PMS. In all, the 

program carried out by the universities was a success, the data variability was reduced, 

and the productivity was higher than in the previous data collection cycles despite the 

small problems encountered.  

5.3 Future Research 

It would be beneficial to implement the new protocol for a few more years and among 

several states to determine whether the detailed measurement correction factors apply to 

all pavement sections, or if the few test sections that were measured in detail were 

outliers in the research. Any method can be refined, and it may take more than one 

project to define these factors. 

Advances in technology occur at almost an exponential rate, and the improvements in 

fully automated data collection are no exception. 3-D modeling vans that use Lidar 

technology have been in use since 1997 and had trouble in detecting cracks filled with 

sand, and had trouble detecting roughness due to raveling and bleeding of pavements 

(Bursanescu and Blais, 1997). However, even the state-of-the-art distress logging vans in 

use today still have trouble with some basic surface distresses such as raveling and 
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bleeding, while their crack detection systems are quite accurate. It is recommended as a 

follow up to this research to determine whether an automated data distress collection 

system can produce the same results of same or better quality as a manual process, 

including severity and extent of all distresses present on a test section.  
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Appendix A – Old Field Form 
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Appendix B – Old Rating Criteria 
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Appendix C – New Field Form 
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Appendix D – New Rating Criteria 
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