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EXECUTIVE SUMMARY 

State departments of transportation (DOTs) use life cycle cost analysis (LCCA) to choose the most 
cost-effective project alternatives when planning new construction or reconstruction of their 
roadways. LCCA takes into account all anticipated costs over the life of each pavement 
alternative. 

In LCCA, it is assumed that the two alternatives provide the same level of performance or benefits 
ǘƻ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ǳǎŜǊǎΦ Therefore, the alternatives can be compared solely on the basis of cost. 
Two types of performance periods are typically considered in LCCA, initial performance period 
and rehabilitation performance period. Initial performance period represents the average time 
ƛƴ ȅŜŀǊǎ ŦƻǊ ŀ ƴŜǿƭȅ ŎƻƴǎǘǊǳŎǘŜŘ ƻǊ ǊŜŎƻƴǎǘǊǳŎǘŜŘ ǇŀǾŜƳŜƴǘ ǘƻ ǊŜŀŎƘ ŀƴ ŀƎŜƴŎȅΩǎ ǘƘǊŜshold for 
first rehabilitation. Rehabilitation performance period is the length of time for a rehabilitated 
ǇŀǾŜƳŜƴǘ ǘƻ ǊŜŀŎƘ ŀƴ ŀƎŜƴŎȅΩǎ ǊŜƘŀōƛƭƛǘŀǘƛƻƴ ǘƘǊŜǎƘƻƭŘΦ  

The initial performance period (also known as initial service life) can be significantly different for 
competing alternatives, and it affects the timing of future maintenance and rehabilitation (M&R) 
activities, in turn, affecting the life cycle cost of each pavement alternative (1). Since initial service 
life plays such a critical role in LCCA, the following questions arise: what is the actual initial service 
life for each pavement type, and is the accurate initial service life being used in LCCA? 

To address these questions, the following objectives were established for this study: 

¶ Document methods DOTs currently use to determine initial service life for use in LCCA for 
both asphalt and concrete pavements; 

¶ Document actual service lives, at the age of the pavement at first rehabilitation, for 
asphalt and concrete pavements based on historical data; and 

¶ Provide recommendations on determining initial service life for LCCA. 

A literature search and a survey of DOTs were conducted to gather information about pavement 
service life and rehabilitation activities considered in LCCA for both asphalt concrete (AC) and 
Portland cement concrete (PCC) pavements. Analyses of Long-term Pavement Performance 
(LTPP) program data were conducted to determine the actual timing of first rehabilitation of 
asphalt and concrete pavements, the ride quality based on International Roughness Index (IRI) at 
the first rehabilitation, and the progression of ride quality prior to the first rehabilitation for 
pavement sections in the U.S. and Canada. The key findings of this investigation are summarized 
herein. 

Based on DOTs responses to the questionnaire issued in this study, it was found that procedures 
for determining initial pavement service life for use in LCCA vary by DOTs and tend to be multi-
faceted. However, agencies commonly reported using historical data from their pavement 
management system (PMS). Other methods reported included using expert opinion or 
engineering judgement, distress or condition indices, and the pavement design life.  

Based on the review of DOTs practices for determining the actual timing of the first rehabilitation 
for both AC and PCC pavements, it was found that procedures are unique to each agency and 
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often include various types of condition indices as well as other factors. The individual distresses 
generally utilized in the indices reported were cracking, IRI, and rutting for flexible pavements, 
and cracking, IRI, and faulting for rigid pavements. While cracking was commonly reported for 
both pavement types, cracking is not the same across all pavement types and therefore cannot 
be compared directly. Given the difference in distress types and cracking definitions for each 
pavement, condition indices and associated thresholds are not comparable between unlike 
pavement types. Therefore, actual practices and criteria for determining time of rehabilitation 
do not appear to be based on achieving equal levels of performance.  

It was also found that IRI is widely used in some aspect of the decision-making process for 
determining the actual timing of rehabilitation. While some agencies have threshold values 
associated with IRI, they vary widely by agency. Furthermore, there does not appear to be a 
nationwide consensus among DOTs on IRI values that indicate the need for rehabilitation.  

The timing of the first rehabilitation events for AC and PCC pavements were documented for the 
pavements in the LTPP experiments. The actual timing of the first rehabilitation for AC and PCC 
pavements was summarized by pavement type and climatic zone as well as LTPP experiment 
(type of AC or PCC pavement) for pavements across the United States and Canada. Rehabilitation 
activities were defined based on the results of the questionnaire issued to DOTs in which the 
treatments for major rehabilitation of their AC and PCC pavements are considered in their LCCA 
procedures. The initial pavement service life was calculated based on the dates of the first 
rehabilitation activity and the original construction reported in the LTPP database.   

For the investigation of pavement age at the time of the first rehabilitation, AC and PCC 
pavements in General Pavement Study (GPS) experiments and in the Specific Pavement Study 
(SPS) experiments were considered. GPS and SPS experiments selected for the study included 
existing in-place pavements that should have distresses typical of that agency and be 
representative of actual timing of rehabilitation. Only pavement sections that had not yet 
received a rehabilitation activity, as reported to LTPP, were utilized.  

Specifically, pavements in the following LTPP GPS experiments were included:  

¶ GPS-1 (AC on granular base); 

¶ GPS-2 (AC on bound base); 

¶ GPS-3 (JPCP); 

¶ GPS-4 (JRCP); and 

¶ GPS-5 (CRCP).  

The SPS experiments used for this part of the study were limited to those that utilized existing, 
in-place pavement sections. For these SPS experiments, multiple sections at an experiment site 
of the existing pavement received variations of study rehabilitation treatments. Since the various 
rehabilitation treatments were often all applied within a short timeframe of one another, the 
average time to first rehabilitation for a site was determined. The following LTPP SPS experiments 
were included: 

¶ SPS-5 (rehabilitation of AC pavements); 
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¶ SPS-6 (rehabilitation of JPCP); 

¶ SPS-7 (bonded PCC overlay on concrete); 

¶ SPS-9C (AC overlay on CRCP); 

¶ SPS-9J (AC overlay on JPCP); and  

¶ SPS-9O (AC overlay on AC pavement).  

Based on the analysis of the initial performance periods for AC pavements in the LTPP program, 
the average asphalt pavement age at time of first rehabilitation was found to be approximately 
18 years (Table E.1). However, based on previous surveys of DOTs, initial performance periods 
frequently used in LCCA for asphalt pavements are between 10 and 15 years. For concrete 
pavements, previous surveys showed most initial performance periods used in LCCA are between 
20 and 25 years, whereas the average concrete pavement age at the time of first rehabilitation 
in the LTPP program is about 24 years (Table E.1). This suggests that initial performance period 
values used for LCCA do not adequately represent the actual age of asphalt pavements at time 
of first rehabilitation. However, initial performance periods used in LCCA for PCC pavements are 
generally representative of actual concrete pavement age at time of first rehabilitation. 

Table E.1 Summary of Middle 90% of Pavement Ages at Time of First Rehabilitation 

Pavement Type No. of Sections Average Minimum Maximum Standard Deviation 

AC 206 17.68 7.09 28.93 5.51 

PCC 121 23.84 12.88 35.44 5.79 

Initial performance periods in the LTPP program were also evaluated based on the experiment 
type and climatic zone. It was found that differences in pavement age at the first rehabilitation 
of JPCP, JRCP, and CRCP pavements were small. It should be noted the most common 
rehabilitation activity differed among these pavements types, with grinding common for JPCP 
pavements while JRCP and CRCP most frequently received an AC overlay in the first rehabilitation. 
Evaluation of initial performance periods by climatic zone indicated that climate likely has an 
impact on the timing of the first rehabilitation for asphalt pavements, however, it was not 
definitive for each climatic zone.  

The last mean roughness index (MRI) values (the average of the left and right wheelpath IRI 
measurements) measured prior to the first rehabilitation were investigated using LTPP pavement 
sections. Pavement types included in the investigation were AC pavements on granular base 
(GPS-1) and AC pavements on bound base (GPS-2), and PCC pavement sections in the JPCP (GPS-
3), JRCP (GPS-4), and CRCP (GPS-5). The MRI values for the pavement sections were compared 
with the FHWA categories for ride quality associated with IRI measurements (very good, good, 
fair, poor, and very poor), as shown in Table E.2. It was found that in general, AC pavements were 
smoother than PCC pavements at the time of rehabilitation. AC pavements were most often 
rehabilitated while in good or fair condition, while PCC pavements were rehabilitated in fair or 
poor condition. For AC and PCC pavements, more than 85% of the sections were rehabilitated 
before reaching the threshold of 170 in/mile for the very poor category. Given this high 
percentage, it can be concluded that 170 in/mi is too high to be used as a rehabilitation trigger 
for MRI. 
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Table E.2 Ride Quality (MRI) Prior to Rehabilitation 

Pavement Type 

Percent of Total Pavement Sections 

Very Good** 
< 60 in/mi 

Good 
60 ς 94 
in/mi  

Fair 
95 ς 119 

in/mi  

Poor 
120 ς 170 

in/mi  

Very Poor 
> 170 in/mi 

AC Pavements 9.6% 34.3% 24.1% 17.5% 14.5% 
PCC Pavements* 1.1% 23.3% 26.7% 34.4% 14.4% 

*Sum is not 100% due to rounding **FHWA Categories for Ride Quality (32). 

While AC pavements tended to be smoother than PCC pavements at the first rehabilitation, MRI 
values amongst these two pavement types did intersect. As shown in Table E.3, the 95% 
confidence interval about the mean for both pavements overlap between 119 in/mi and 121 
in/mi, which corresponds well with the early FHWA threshold of 120 in/mi for pavements going 
from good to fair ride quality. This is based on average MRI values from LTPP pavement sections 
across the United States and Canada, therefore, MRI values may differ for individual DOTs.  

Table E.3 Summary of Last MRI Value Before First Rehabilitation by Pavement Type 

Type No. 
Avg MRI 
(in/mi)  

Median MRI 
(in/mi)  

Min MRI 
(in/mi)  

Max MRI 
(in/mi)  

Std. Dev. 
(in/mi)  

95% Confidence 
Interval (in/mi) 

AC 166 112.4 99.4 30.2 359.0 54.0 104.1 ς 120.7 

PCC 90 129.0 119.2 48.3 260.7 46.1 119.3 ς 138.6 

Pavement roughness, expressed as IRI or MRI, is the only performance measure that is presently 
common to both AC and PCC. Therefore, it is necessary to understand the rate at which MRI 
progresses with time to enable more estimates of initial service life in LCCA. An investigation of 
the data revealed that relationships between pavement roughness (expressed as MRI) and 
pavement age vary by pavement section. It was found that AC pavements are more likely to have 
a linear relationship between pavement age and MRI than PCC pavements. PCC pavement tended 
to have pavement roughness values that remained stable over time; whereas, MRI on AC 
pavements increased at a faster rate in the years prior to the first rehabilitation (MRI data were 
not available for the entire first cycle for either AC or PCC pavements) than PCC pavements. 
Additionally, it was found that the rate pavement roughness progresses with age varies by 
climatic conditions for both AC and PCC pavements. Differences in pavement roughness with age 
were noted for the two types of AC pavements, indicating that the type of base (granular or 
bound) may have an influence on the rate MRI increases over time on AC pavements. 
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1 INTRODUCTION 

1.1 Background 

State departments of transportation (DOTs) often use life cycle cost analysis (LCCA) to choose 
the most cost-effective project alternatives, especially when planning new construction or 
reconstruction of their roadways. By comparing net present values (NPVs) of two potentially very 
dissimilar investments, such as asphalt concrete (AC) or Portland cement concrete (PCC) 
pavement, LCCA considers all of the anticipated costs over the life of the pavement including 
initial costs and discounted future costs. 

An LCCA can be conducted in four main steps for a project. First, all potential expenditures and 
estimated cycles at which the future expenditures will be incurred are determined for each 
alternative, as illustrated in Figure 1.1. Each cost component in Figure 1.1 may include both 
agency and relevant user costs. Second, the expenditures are discounted back to their present 
values using a discount rate. If an alternative has any value remaining at the end of the analysis 
period, a salvage value is also discounted back to its present value. Third, the NPV of each 
competing alternative is determined as the sum of the initial construction cost, discounted costs 
for future maintenance and rehabilitation (M&R), and discounted salvage value (Equation 1.1). 
Alternatives with lower NPVs are considered cost-effective options for the project. 

 

Figure 1.1 Stream of Expenditures for Determining NPV in LCCA 

ὔὖὠ ὍὲὭὸὭὥὰ ὅέὲίὸȢὅέίὸ В ὊόὸόὶὩ ὅέίὸ ὛὥὰὺὥὫὩ ὠὥὰόὩ  (1.1) 

where 

N = number of future costs incurred over the analysis period; 
i = discount rate; 

nk = number of years from the initial construction to the kth expenditure; and 
ne = analysis period, years. 

As described, the calculation of NPV is straightforward in LCCA; however, the accurate 
determination of the inputs can be complicated, especially estimating future costs of M&R 
activities and their timing throughout the ŎƻǳǊǎŜ ƻŦ ŜŀŎƘ ǇŀǾŜƳŜƴǘ ŀƭǘŜǊƴŀǘƛǾŜΩǎ ƭƛŦŜ ǎǇŀƴΦ  

Time 
(years) 

Cost 

Initial Construction 

Rehabilitation 

Maintenance 

Salvage 
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Figure 1.2 shows the ideal (textbook) life cycles of two competing alternatives under 
consideration in an LCCA. It is assumed in LCCA that the two alternatives will provide the same 
ƭŜǾŜƭ ƻŦ ǇŜǊŦƻǊƳŀƴŎŜ ƻǊ ōŜƴŜŦƛǘǎ ǘƻ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ǳǎŜǊǎΤ ǘƘǳǎΣ ǘƘŜ ŀƭǘŜǊƴŀǘƛǾŜǎ Ŏŀƴ ōŜ ŎƻƳǇŀǊŜŘ 
solely on the basis of cost.  

 

Figure 1.2 Ideal Life Cycle Diagrams of Two Hypothetical Pavement Alternates (1) 

Two performance periods, Initial Performance Period (also known as Initial Service Life) and 
Rehabilitation Performance Period, are commonly considered in LCCA. Initial Performance Period 
represents the average time in years for a newly constructed or reconstructed pavement to reach 
ŀƴ ŀƎŜƴŎȅΩǎ ŎǊƛǘŜǊƛŀ ŦƻǊ ǊŜƘŀōƛƭƛǘŀǘƛƻƴ ό1). The Rehabilitation Performance Period is similar to the 
Lƴƛǘƛŀƭ tŜǊŦƻǊƳŀƴŎŜ tŜǊƛƻŘ ƛƴ ǘƘŀǘ ƛǘ ƛǎ ǘƘŜ ƭŜƴƎǘƘ ƻŦ ǘƛƳŜ ǘƻ ǊŜŀŎƘ ŀƴ ŀƎŜƴŎȅΩǎ ǊŜƘŀōƛƭƛǘŀǘƛƻƴ 
thresholds or criteria; however, it is only relevant for the next rehabilitation (1). Generally, 
different Initial Performance Periods are considered for AC and PCC pavements. However, the 
Lƴƛǘƛŀƭ tŜǊŦƻǊƳŀƴŎŜ tŜǊƛƻŘ άƘŀǎ ŀ ƳŀƧƻǊ ƛƳǇŀŎǘ ƻƴ [//! ǊŜǎǳƭǘǎέ ŀǎ ƛǘ ŘƛǊŜŎǘƭȅ ƛƳǇŀŎǘǎ ǘƘŜ ƴǳƳōŜǊ 
of interventions (i.e. subsequent M&R activities), which ultimately affects the costs (2), and it can 
be assumed it will also impact the resulting NPV. Since Initial Performance Period plays such a 
critical role in LCCA, the following questions arise: How is the Initial Performance Period, also 
referred to as initial pavement service life, determined for each pavement type? What is the 
actual initial performance period for each pavement type and is the accurate initial performance 
period being used in LCCA?  

First, it is important to understand how the procedure for determining initial pavement service 
life in LCCA differs from determining the actual time to the first rehabilitation, referred to as 
actual service life in this report. Initial service life in LCCA and actual service life in practice may 
not be the same. While LCCA is meant to be representative of actual practices, the values used 
are not directly associated with the pavement segment or project in question since the analysis 
is being conducted prior to construction. On the other hand, actual service life refers to the time 
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at which an in-service pavement receives the first rehabilitation. Actual service life typically takes 
into account the age and condition of the existing pavement, among other factors. 

For comparisons of alternatives in LCCA to be of benefit, the assumption that all alternatives 
provide equal performance should hold true. Thus, the performance measures used to evaluate 
the level of service and to establish the timing of the rehabilitation in LCCA should be common 
to each alternative, AC and PCC. Therefore, an investigation into the types of performance 
measures used to establish initial service life of AC and PCC pavements for LCCA is warranted. 
While LCCA should represent actual practices for determining time to first rehabilitation, initial 
service life in LCCA and actual service life may not be the same. Therefore, it is also necessary to 
understand what performance measures are used in practice to trigger rehabilitation for each 
pavement type.  

DOTs are required to report on the condition of their pavement network to the Federal Highway 
Administration (FHWA). This would be a natural place to start, as each DOT is required to report 
the same set of performance measures. Specifically, each DOT reports Present Serviceability 
Rating (PSR) or International Roughness Index (IRI), depending on the functional classification 
and posted speed limit, as well as rutting or faulting, and cracking percent to the Highway 
Performance Monitoring System (HPMS) (3). IRI is the predominant measure for roughness and 
is required for all routes on the National Highway System (NHS) except where the posted speed 
limit is less than 40 mph, in which case, PSR may be reported instead of IRI. Rutting is required 
for AC pavements while faulting is to be reported for jointed concrete pavements (JCP). While in 
general the percent of cracking is required for all surface types, the measurements and 
calculations for this parameter are dependent on the pavement type. For AC pavements, 
agencies are required to report the percentage of the lane that has fatigue cracking in the 
wheelpath, whereas for continuously reinforced concrete pavement (CRCP), the areas reported 
should include the area of the section encompassed by punchouts, longitudinal cracking, and/or 
patching; transverse cracking is not considered for CRCP. Lastly, for jointed plain concrete 
pavement (JPCP) and jointed reinforced concrete pavement (JRCP) (together referred to as 
jointed concrete pavements (JCP)), the area reported is actually the number of slabs that have 
transverse cracking, taken as a percentage of the total number of slabs in the pavement section 
(3). 

As part of the Moving Ahead for Progress in the 21st Century Act (MAP-21), DOTs are required to 
establish performance targets and report progress in achieving those targets. MAP-21 
rulemaking, first proposed in 2015 and made final in 2017, lays out performance measures that 
will be the basis for the targets each DOT must establish (4). The performance measures, shown 
in Table 1.1, include the percentage of roadways in good, fair, or poor condition based on four 
metrics, dependent on surface type: PSR, IRI, cracking, rutting, and faulting. MAP-21 performance 
measures are calculated using performance metric data submitted by DOTs as part of the HPMS. 
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Table 1.1 MAP-21 Performance Measures (4) 

Performance Parameter Good Fair Poor 

PSR (All)* җ 4.0 > 2.0 and <4.0 Җ 2.0 
IRI** (inches/mile) < 95 95-170 > 170 

Cracking (%) (AC) < 5 5-20 > 20 

Cracking (%) (JCP) < 5 5-15 > 15 
Cracking (%) (CRCP) < 5 5-10 > 10 

Rutting (inches) < 0.20 0.20-0.40 > 0.40 

Faulting (inches) < 0.10 0.10-0.15 > 0.15 
*On routes with posted speed limit < 40 mph  **Mean IRI (MRI) is used 

While cracking percent is required for each pavement type, as noted previously, cracking percent 
required for HPMS and MAP-21 is not defined the same for each pavement type. As identified in 
the HPMS field manual, cracking encompasses longitudinal cracking, patching and punchouts for 
CRCP, the number of slabs with transverse cracking for JPCP and JRCP, and fatigue cracking in the 
wheel paths for AC pavements (3). The thresholds are therefore, unique to the pavement type. 
It should be noted that according to the MAP-21 final rulemaking, data needed to determine 
cracking for all pavement types except CRCP can be collected with manual, semi-automated, or 
fully automated methods according to the HPMS field guide (4). Although semi- and fully- 
automated crack detection methods are becoming increasingly more popular among DOTs, crack 
measurements are not uniform among automated methods. There is an ongoing research effort, 
NCHRP Project 01-57A, ǘƘŀǘ ŀƛƳǎ άǘƻ ŘŜǾŜƭƻǇ ǎǘŀƴŘŀǊŘΣ ŘƛǎŎǊŜǘŜ ŘŜŦƛƴƛǘƛƻƴǎ ŦƻǊ ŎƻƳƳƻƴ ŎǊŀŎƪƛƴƎ 
ǘȅǇŜǎ ƛƴ ŦƭŜȄƛōƭŜΣ ǊƛƎƛŘΣ ŀƴŘ ŎƻƳǇƻǎƛǘŜ ǇŀǾŜƳŜƴǘǎέ (5).  

IRI, is required for all pavement types and the method of measurement is consistent across all 
pavement types. Therefore, the concept of IRI as a common performance measure for use in 
LCCA is further explored in this study. 

1.2 Objectives and Scope 

The objectives of this report are as follows: 

¶ To document the methods DOTs are currently using to determine initial service life for 
use in LCCA for both asphalt and concrete pavements; 

¶ To document actual service lives at the age of the pavement at first rehabilitation of both 
asphalt and concrete pavements based on historical data; and 

¶ To provide recommendations on determining initial service life for LCCA. 

To meet the objectives of this report, a questionnaire was issued to DOTs to better understand 
procedures and rehabilitation activities considered in LCCA for both asphalt and concrete 
pavements. Additionally, data from the Strategic Highway Research Program (SHRP) Long-Term 
Pavement Performance Program (LTPP) standard data release (SDR) 28 was utilized for analyses 
pertaining to actual service lives. 
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2 DETERMINING INITIAL SERVICE LIFE IN LCCA 

In a 2007 Mississippi DOT initiated ǎǳǊǾŜȅ ƻŦ ƳŜƳōŜǊǎ ƻŦ !!{I¢hΩǎ wŜǎŜŀǊŎƘ !ŘǾƛǎƻǊȅ 
Committee (RAC), participants were asked to respond to eight questions pertaining to LCCA 
procedures for pavement type selection (6). Of the twenty-one agencies (which included three 
Canadian provinces) that responded, sixteen stated that they use LCCA for determining 
pavement type selection. Four agencies stated that they do not use LCCA for pavement type 
selection, and one, the province of British Columbia, indicated no concrete pavements in their 
province. Similarly, in a survey conducted from 2005-2006 as part of a report published in 2008 
for South Carolina DOT, 94% of participants indicated that LCCA is used as part of the decision-
making process for pavement type selection (7). As indicated by these surveys, LCCA is widely 
used and is a critical component in the pavement type selection process.  

As addressed earlier, the initial performance period, or initial service life, is a key parameter in 
LCCA and is defined as the time it takes to reach rehabilitation criteria or thresholds. To gain 
insight into how agencies determine the initial service life, it is helpful to understand which types 
of activities are considered rehabilitation. This information was sought in previous surveys as well 
as the questionnaire issued for this study in which agencies were asked to report the 
rehabilitation activities considered in LCCA. Those rehabilitation activities reported in previous 
surveys and in the recent questionnaire are discussed in this section. 

To further understand the initial service lives considered for AC and PCC pavements, a review of 
previous survey responses and current practices was conducted. To support this effort, a 
questionnaire was issued to DOTs across the country in March 2014 as part of this study. The 
questions specifically pertained to the procedures used to identify the initial service life for AC 
and PCC pavements in LCCA as well as the parameters used to determine the actual time of first 
rehabilitation. The full list of questions issued is listed in Appendix A, and the responses are 
tabulated in subsequent appendices. 

2.1 Rehabilitation Techniques Considered in LCCA 

In the 2007 Mississippi DOT survey, participants were asked to report the timing and treatments 
considered for AC and PCC pavements used in their LCCA procedures (6). No two responses were 
the same, indicating that pavement strategies are unique to each agency. Some agencies 
included activities that would traditionally be considered maintenance or preservation, while 
others provided only rehabilitation activities. For example, New Jersey DOT indicated that crack 
sealing is the first activity considered for rigid pavements, and it is not until year 30 when 
something more substantial is considered, such as diamond grinding and 5% slab replacement. It 
is not clear if this combination or any one of these activities is considered a rehabilitation activity 
in New Jersey. On the other hand, Colorado DOT explicitly stated that rehabilitation for PCC 
ǇŀǾŜƳŜƴǘ ƻŎŎǳǊǎ нн ȅŜŀǊǎ ŀŦǘŜǊ ŎƻƴǎǘǊǳŎǘƛƻƴ ŀƴŘ Ŏƻƴǎƛǎǘǎ ƻŦ άлΦр҈ Ŧǳƭƭ-depth slab replacement, 
ѻέ ŘƛŀƳƻƴŘ ƎǊƛƴŘƛƴƎ ŦƻǊ ƘŀƭŦ ǘƘŜ ǘǊŀǾŜƭ ƭŀƴŜǎ, and replacement of all longitudinal and transverse 
Ƨƻƛƴǘ ǎŜŀƭŀƴǘΦέ 
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Authors of the 2008 report for South Carolina DOT specifically asked survey participants to 
identify the treatments they consider maintenance and those that are considered rehabilitation 
(7). As was the case in the 2007 Mississippi DOT survey (6), the difference between the two 
actions was not clear and definitions of rehabilitation were unique to each agency. It was noted 
that the rehabilitation activities most commonly listed included concrete pavement 
rehabilitation (CPR), diamond grinding, and joint repair for rigid pavements, and milling with 
structural overlay, hot-in-place recycling, and cold-in-place recycling for flexible pavements (7).  

While the Mississippi DOT survey and surveys conducted for the South Carolina DOT-sponsored 
study were comprehensive, they were conducted between 2005 and 2007, and several agencies 
indicated that their LCCA procedures were under revision. Therefore, to gain an understanding 
of current LCCA practices, a questionnaire was issued to DOTs across the country as part of this 
study. DOTs were asked to indicate the major rehabilitation treatments for asphalt and concrete 
pavements considered for LCCA. As expected, based on previous nationwide surveys, responses 
varied and included a range of treatments for each pavement type. 

The questionΣ ά²Ƙŀǘ ǘǊŜŀǘƳŜƴǘǎ ŘƻŜǎ ȅƻǳǊ ŀƎŜƴŎȅ ŎƻƴǎƛŘŜǊ ƛƴ ȅƻǳǊ ŜȄƛǎǘƛƴƎ [//! ŦƻǊ ƳŀƧƻǊ 
rehabilitation of asphalt pavements? And of rigid pavements?έ was intended to gain insight into 
the types of major rehabilitation treatments considered in LCCA procedures, not necessarily 
whether LCCA was used to identify the rehabilitation alternatives. However, one DOT indicated 
that no major rehabilitation is considered in their LCCA, although it was mentioned that 
rehabilitation strategies considered for flexible pavements included milling and resurfacing of the 
surface or the base and surface lifts, which are activities commonly reported as rehabilitation. 
Although one DOT indicated previously that an LCCA procedure is not currently used, a response 
was provided for the major rehabilitation treatment types considered for each pavement type. 
This response was excluded from the following summary as focus was placed on LCCA. With that 
being said, many DOTs utilize common rehabilitation types regardless of their use of LCCA.  

Major rehabilitation treatments are summarized in Appendix K and are grouped by like treatment 
type; full responses are reported in Appendix D. As expected, the exact specifications and details 
associated with each treatment type vary by DOT. Specifics such as amount of milling or overlay 
thickness are listed where details have been provided. 

2.2 Initial Service Life Values  

The previous surveys conducted on the topic of LCCA asked agencies to report information 
related to initial service life. In the 2007 Mississippi DOT survey, agencies were asked to report 
the year each rehabilitation treatment is accounted for in their LCCA (6). As noted earlier, some 
agencies include both M&R activities in their pavement strategies used for LCCA. In looking at 
the timing of activities reported in the 2007 Mississippi DOT survey, the first intervention 
scheduled is not always a rehabilitation activity; rather, it may be a maintenance or pavement 
preservation activity. Therefore, to summarize the initial service life values previously reported, 
information regarding reported rehabilitation techniques used by DOTs (summarized in Appendix 
K) along with engineering judgment was used to identify the activity or activities reported in the 
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2007 Mississippi DOT survey that most likely represent rehabilitation. The timing associated with 
the perceived rehabilitation activity was then summarized for each state agency in Table 2.1.  

Two surveys within the context of LCCA procedures were issued for the study conducted by 
Rangaraju, Amirkhanian, and Guven for South Carolina DOT published in 2008 (7). In the first 
άǇǊŜƭƛƳƛƴŀǊȅέ ǎǳǊǾŜȅ ƛǎǎǳŜŘ ƛƴ нллрΣ ŀƎŜƴŎƛŜǎ ǿŜǊŜ ŀǎƪŜŘΣ άWhat is the initial performance period 
assigned for flexible pavements and rigid pavementsΚέ (7). Iƴ ǘƘŜ ǎŜŎƻƴŘ άŦƛƴŀƭέ ǎǳǊǾŜȅ issued in 
2006, the question was phrased as, ά²Ƙŀǘ ƛǎ ǘƘŜ ǘƛƳŜ ǘƻ ŦƛǊǎǘ ǊŜƘŀōƛƭƛǘŀǘƛƻƴ?έ (7). While both 
surveys were put in the context of LCCA, neither question explicitly asked for the value used in 
ǘƘŜ ŀƎŜƴŎȅΩǎ [//! ǇǊƻŎŜŘǳǊŜΦ ! ǊŜǾƛŜǿ ƻŦ ǘƘŜ ǊŜǎǇƻƴǎŜǎ ǎƘƻǿŜŘ ǘƘŀǘ ŀƭǘƘƻǳƎƘ ǘƘŜ άŦƛƴŀƭέ ǎǳǊǾŜȅ 
ƘŀŘ ǘŜƴ ŦŜǿŜǊ ǊŜǎǇƻƴǎŜǎ ǘƘŀƴ ǘƘŜ άǇǊŜƭƛƳƛƴŀǊȅέ ǎǳǊǾŜȅΣ ŦƻǊ ǘƘŜ ŀƎŜƴŎƛes that responded to both 
surveys, the responses for each were the same or generally very similar. The values summarized 
ƛƴ ǘƘŜ ǘŀōƭŜ ōŜƭƻǿ ŎƻƳŜ ŦǊƻƳ ǘƘŜ άŦƛƴŀƭέ ǎǳǊǾŜȅΦ Although Ontario responded to the 2006 final 
survey for the South Carolina DOT-sponsored study, it was reported in the later (2007) Mississippi 
DOT survey that their LCCA procedures were undergoing revisions; therefore, their results have 
been excluded from the table below (6, 7). Although Washington State DOT responded to the 
Mississippi DOT survey issued in 2007 and the survey issued in 2006 as part of the study 
conducted for South Carolina DOT, responses between the two varied slightly for flexible 
pavements; therefore, responses for each survey are shown in the table below. Where indicated 
ǿƛǘƘ ŀƴ ά·έ ƛƴ ¢ŀōƭŜ нΦмΣ ǘƘŜ ŀǎǎƻŎƛŀǘŜŘ {ǘŀǘŜ !ǎǇƘŀƭǘ tŀǾŜƳŜƴǘ !ǎǎƻŎƛŀǘƛƻƴ ό{!t!ύ Ƙŀǎ ǇǊƻǾƛŘŜŘ 
an updated value for the years to first rehabilitation or confirmed the value listed in previous 
surveys is accurate.  

Table 2.1 Previous Survey Findings on Years to First Rehabilitation in LCCA (6, 7) 

State 
Flexible Pavements 

Years to First 
Rehabilitation 

Rigid Pavements 
Years to First 
Rehabilitation 

Survey 

Mississippi 
DOT, 2007 

South Carolina 
DOT, 2008 

SAPA, 
2016 

AL 12 20 X X X 

AR 12-15 15   X 

CA 18-20 20-40 for JPCP  X  

CO 10 22 X X  

FL 
16: Overlay 
32: Overlay 

23: CPR 
33: CPR 

  X 

GA 10 CRC: 25, JPCP: 20  X  

IL 15 (HMA Overlay) 30 (HMA Overlay)   X 

IN 25 JPCP: 30 X X  

IA 20 JPCP: 40  X  
KS 10 (Overlay) 20 (3% Patching) X X X 

KY 
10: Interstate 

15: Other routes 
15: Interstate 

25: Other routes 
  X 

MD 15 20  X  

MI 26 26  X  
MN 20 (Overlay) 20 (CPR)   X 
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State 
Flexible Pavements 

Years to First 
Rehabilitation 

Rigid Pavements 
Years to First 
Rehabilitation 

Survey 
Mississippi 
DOT, 2007 

South Carolina 
DOT, 2008 

SAPA, 
2016 

MS 12 16  X  

MO 20 (Overlay) 
25 (Grinding and 
patching 1.5%) 

X X X 

MT 19 20 X X  

NE 15-20 35  X  

NJ 15 30 X   

NC 12-15 15  X  

OH 14 (Overlay) 22 (Grinding)   X 

PA 15 

15 (2% Patching, 
50% Grinding) 

25 (4% Patching, 
100% Grinding) 

  X 

SC 

Superpave/polymer 
modified surfaces: 15 

Conventional 
surfaces: 12 

20 X X X 

TN 10 15   X 

UT 12-15 
JPCP: 10 Minor, 20 

Grinding 
 X X 

VT Varies 20  X  
WA 15 20 X X X 

WI 18 (HMA Overlay) 
25 (CPR or HMA 

Overlay) 
 X X 

WY 20 20 X   

 
The reported initial service lives shown in Table 2.1 ranged between 6 and 26 years for flexible 
pavements with the majority of agencies reporting values between 10 and 15 years. For rigid 
pavements, reported service life ranged from 10 to 35 years with the majority of agencies 
reporting a value of 20 to 25 years. These wide ranges in initial service life reported among the 
participating DOTs could in part be due to the rehabilitation activities considered in LCCA. As 
noted in section 2.1, the activities that agencies consider as part of their LCCA procedures vary 
from agency to agency, and it is not always clear whether an activity or combination of activities 
is considered rehabilitation or maintenance.  

2.3 Review of Agency Practices for Determining Initial Service Life in LCCA 

While the initial service life values used in LCCA for each pavement type are important, the 
method at which agencies arrive at that value is of most concern. Using LCCA to compare 
different pavement types requires both alternatives to provide the same level of performance or 
benefits to the user. As part of the final survey for the South Carolina report, agencies were asked 
to provide information on their basis for the time to first rehabilitation reported (7). Responses 



 

18 

varied between historical data, a distress or pavement condition index, and a combination of 
visual inspection and available funding. The 2007 survey initiated by Mississippi DOT asked 
agencies to indicate whether the type and frequency of the treatments considered in LCCA were 
based on historical or theoretical data (6). The majority of DOTs indicated that historical data was 
used to determine the type and frequency of treatments, although some agencies indicated a 
combination of historical data and modeling or engineering judgment.  

After reviewing DOTsΩ practices for LCCA procedures, authors of the 2008 report to South 
Carolina DOT proposed the use of a probabilistic-based LCCA approach. This approach uses a 
statistical analysis of historical information, including the location, type, and timing of past 
rehabilitation and maintenance activities to develop initial service life (7). However, the authors 
ŎŀǳǘƛƻƴŜŘ ǘƘŀǘ ǳǎƛƴƎ ƘƛǎǘƻǊƛŎŀƭ Řŀǘŀ άƳŀȅ ƴƻǘ ŀŎŎǳǊŀǘŜƭȅ ǊŜŦƭŜŎǘ ǘƘŜ ƭƛŦŜ ƻŦ ŀ ŦǳǘǳǊŜ ǊŜƘŀōƛƭƛǘŀǘƛƻƴέ 
due to the significant changes in both materials and pavement design. This could be inferred to 
also apply to the life of new pavements. For this reason, and due to the lack of comprehensive 
historical data, researchers proposed that for LCCA, initial service life and subsequent 
performance periods are representative of actual practice (and it could be assumed to also mean 
current practice) and incorporate expert opinion. As a result, initial service lives were 
recommended for AC and PCC pavements, as shown below. It should be noted that the initial 
service lives shown in Table 2.2 were meant for use in their proposed probabilistic LCCA approach 
and were meant to act as seed values for initial evaluations to be refined as the process is used. 
The proposed probabilistic approach used a triangular probability distribution, such that the 
minimum and maximum boundaries of the distribution are at 75% and 125% of the mean value, 
respectively, as shown in Table 2.2 (7).  

Table 2.2 Proposed Service Life Values for LCCA (7) 

 
Initial Service Life (Years) 

Flexible: 
Conventional HMA 

Flexible: 
Polymer-modified HMA 

Rigid 

Minimum 8 12 18 

Most Likely 11 15 24 

Maximum 14 18 30 

 

2.3.1 Current Practices for Determining Initial Service Life in LCCA 

To meet the objectives of this study, information regarding the process used to determine initial 
service life was of primary interest. To gain understanding about the current methods agencies 
are using, the questionnaire issued for this study asked agencies to report on the method utilized 
to determine initial service life used in LCCA procedures. Specifically, the following question was 
asked: άIƻǿ ŘƻŜǎ ȅƻǳǊ ŀƎŜƴŎȅ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǘƛƳŜ ǘƻ ŦƛǊǎǘ ƳŀƧƻǊ ǊŜƘŀōƛƭƛǘŀǘƛƻƴ ŦƻǊ ŦƭŜȄƛōƭŜ ŀƴŘ 
rigid pavements in your existing LCCA procedure?έ !ŘŘƛǘƛƻƴŀƭƭȅΣ ǊŜǎǇƻƴŘŜƴǘǎ ǿŜǊŜ ŀǎƪŜŘ ǘƻ 
indicate what performance parameters, if any, were used in establishing the initial service life.  

Thirty-four DOTs responded to the survey. Four agencies (Arkansas, Arizona, New Mexico, and 
Oklahoma DOTs) indicated that LCCA is not currently used or is under development. Michigan 
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DOT indicated that the time to first rehabilitation has not yet been determined, and Colorado 
DOT indicated that the time to first rehabilitation has been determined for rigid pavements but 
is under development for flexible pavements. Responses from the remaining states are 
summarized below. 

¶ While it is generally assumed that initial service life is a fixed value for each pavement 
type, two agencies indicated that initial service life is determined on a project-by-project 
basis. 
o Montana DOT ǎǘŀǘŜŘ ǘƘŀǘ ƛƴƛǘƛŀƭ ǎŜǊǾƛŎŜ ƭƛŦŜ ƛǎ ŘŜǘŜǊƳƛƴŜŘ ŀŦǘŜǊ ǊŜǾƛŜǿƛƴƎ άƭƻŎŀƭƛȊŜŘ 

project historyΦέ  
o Oregon DOT stated thŀǘ ǘƘŜ άǊŜƘŀōƛƭƛǘŀǘƛƻƴ ǎǘǊŀǘŜƎȅ ƛǎ ŜǾŀƭǳŀǘŜŘ ƻƴ ŀ ǇǊƻƧŜŎǘ-specific 
ōŀǎƛǎΦέ 

¶ Fifteen of the thirty states indicated that they use LCCA and determine the initial service 
life based on historical performance or pavement management system (PMS) records. 
For two of those states, initial service life determined in this way applied to only part of 
their network. 
o Ohio DOT indicated that historical performance data in terms of their Pavement 

Condition Rating (PCR) and historical time between rehabilitations were used to 
determine initial service life for flexible pavements only. 

o Kentucky DOT indicated that actual PMS data were utilized for establishing life cycles 
for interstates and parkways. 

¶ The next most common method of determining initial service life for LCCA utilizes 
engineering judgment or experience. This includes committee consensus and/or basing 
the decision on state, regional, or national practice.  
o Although Ohio DOT utilized historical performance data to determine time to first 

rehabilitation for flexible pavements, an initial service life was estimated and 
compared with that used in surrounding states for rigid pavements. Similarly, 
California utilized maintenance decision trees and statewide and national practices to 
develop their initial service life for use in LCCA. 

o Louisiana, Kentucky, and South Carolina DOTs reported that expert consensus led to 
initial service life. Louisiana and Kentucky DOTs both stated that the initial service life 
was determined through the use of committees and industry input. In Kentucky, the 
service life determined in this fashion was considered only for routes other than 
interstates and parkways. 

o Pennsylvania and Tennessee DOTs utilized past experience to arrive at their initial 
service life. Pennsylvania DOT used experience on the timing of activities (routine and 
preventive maintenance as well as reconstruction) in conjunction with industry input. 
Tennessee DOT leaned on their past experience with age, roughness, and levels of 
distress to determine service life.  

o In Montana, engineering judgment was used to establish initial service life by 
ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ άƭƻŎŀƭƛȊŜŘ ǇǊƻƧŜŎǘ ƘƛǎǘƻǊȅέ ŀƭƻƴƎ ǿƛǘƘ ǇŀǾŜƳŜƴǘ ŘŜǎƛƎƴ ƭƛŦŜ ŀƴŘ 
performance measures such as ride quality, rutting, and cracking.  

¶ Several state agencies considered various distresses or condition indices to establish 
initial service life for LCCA.  
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o Alaska DOT only uses flexible pavements, so LCCA is not used for pavement type 
selection but to compare alternative designs for asphalt pavements. Initial service life 
was determined based on performance parameters, including Present Serviceability 
Rating (PSR) as a function of rut depth and International Roughness Index (IRI). 

o North Carolina and New Jersey DOTs also utilized condition indices for establishing 
their service lives. North Carolina DOT reported that the pavement condition rating 
όt/wύ ŦƻǊ ŦƭŜȄƛōƭŜ ǇŀǾŜƳŜƴǘǎ ƛǎ άƘŜŀǾƛƭȅ ǿŜƛƎƘǘŜŘ ǘƻ ŎǊŀŎƪƛƴƎ ŀƴŘ ǊǳǘǘƛƴƎΣέ ŀƴŘ ǘƘŀǘ 
for jointed concrete pavements, the PCR considers faulting, patching, and broken 
slabs. New Jersey DOT based their initial service life on their surface distress index 
(SDI), which considers the type, extent, and severity of each distress.  

o Colorado and Florida DOTs both considered pavement distresses; however, Colorado 
DOT has only done so for rigid pavements. Distresses considered by Colorado DOT 
include longitudinal and transverse cracking, corner breaks, IRI, and rutting. Florida 
DOT used thresholds for cracking, rutting, and ride ratings to determine initial service 
life for LCCA.  

o In Oregon, the selection of a rehabilitation strategy was based on various 
performance parameters and waǎ ŘƻƴŜ ƻƴ ŀ άǇǊƻƧŜŎǘ-specific basis.έ The parameters 
considered for flexible pavements include top-down cracking, studded tire wear rates, 
and miscellaneous environmental factors. Factors considered for rigid pavements 
include studded tire wear rates, punch-outs, and de-icer surface deterioration.  

¶ Two states reported that they considered pavement design life when establishing initial 
service life for LCCA. 
o Connecticut DOT indicated that the time to first major rehabilitation in their LCCA 

procedure is dependent on the pavement design life. For flexible pavement design, 
initial service life is set as άǘǿŜƭǾŜ years before the design life of the structure or 18 
years, whichever is ƭŀǘŜǊΦέ For rigid pavements, it is set at 12 years prior to reaching 
the design life of the structure. 

o Although Montana DOT indicated that engineering judgment was employed to 
establish initial service life, it was also stated that timing of major rehabilitation is 
ŀǎǎǳƳŜŘ ǘƻ ƻŎŎǳǊ άŀŦǘŜǊ ǘƘŜ ǇŀǾŜƳŜƴǘ ǎŜǊǾŜŘ ƛǘǎ Ŧǳƭƭ ŘŜǎƛƎƴ ƭƛŦŜΦέ 

¶ Nevada DOT indicated that initial service life was based on pavement age. 

¶ Hawaii DOT indicated that initial service life was based only on assumed years to first 
rehabilitation.  

DOTs were asked if their procedure for determining initial service life had been validated. Eight 
agencies indicated that their procedure had been validated, while three indicated that the 
validation had been completed to some degree. Eight DOTs indicated that a validation of their 
existing procedure had not been completed. In general, those that had validated their procedure 
had done so with PMS data. Full responses are listed in Appendix C.  

The most common method for determining initial service life in LCCA was to base it on historical 
performance. It is typically understood that this is the process of identifying the historical average 
time to first rehabilitation for each pavement type or category. This procedure of basing initial 
service life in LCCA on the average time to first rehabilitation from PMS data is not new. The 2004 
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Wisconsin Transportation Synthesis report found that the majority of studies related to actual 
service life were (at that time) actually aimed at determining average times to first rehabilitation 
for LCCA (8). As noted here, many agencies are still using this method. However, advancements 
have been made in the pavement engineering field, particularly in the area of flexible pavements. 
These advancements, such as improvements in pavement design from empirical design systems 
to mechanistic-empirical design, use of resource-responsible materials, and improvements in 
construction equipment and practices, will likely have an impact on service life. With many of 
these advancements leading to longer service lives, average time to first rehabilitation from 
historical records may not accurately represent future life of new or reconstructed pavements. 
South Carolina DOT, as shown in Table 2.1, indicated different service lives for pavements with 
materials other than conventional asphalt mixes, but many agencies have not taken these 
changes into account. 

Another limitation of historic-based initial service life is that the time rehabilitation actually 
occurs may not represent the time at which a pavement has reached performance thresholds 
indicating the need for rehabilitation. Rehabilitation may or may not occur when a pavement has 
reached performance thresholds for a number of reasons. There is typically a lag between the 
time when the need for rehabilitation is recognized and when the project is actually let and built. 
Budget constraints may delay a rehabilitation project. Political issues can also shift the timing of 
a rehabilitation project by moving rehabilitation up (prior to reaching established threshold 
values), which can indirectly affect other potential projects by diverting funds from one project 
to another. In summary, the time to first rehabilitation in PMS data is very dependent on an 
ŀƎŜƴŎȅΩǎ ǇǊŀŎǘƛŎŜǎ ŀƴŘ ǊŜƘŀōƛƭƛǘŀǘƛƻƴ ǘǊƛƎƎŜǊǎ όƛŦ ǳǎŜŘύΦ  

3 DETERMINING ACTUAL SERVICE LIFE 

Initial service life in LCCA is defined as the time it takes to reach rehabilitation criteria or 
thresholds. In practice, service life is not always clearly defined, as was found in the 2004 
Wisconsin DOT survey of AASHTO RAC members (8). The survey sought to understand how 
ŀƎŜƴŎƛŜǎ ŘŜŦƛƴŜŘ ƻǊ ǳƴŘŜǊǎǘƻƻŘ άǇŀǾŜƳŜƴǘ ǎŜǊǾƛŎŜ ƭƛŦŜέ ŀƴŘ ǘƘŜ ǇŀǾŜƳŜƴǘ ǘȅǇŜ Ŏategories for 
which it is defined or tracked. Fourteen states as well as one Canadian Province responded to 
their survey, and the most common definition was the time from initial construction to the first 
rehabilitation work or from the last completed rehabilitation to the next. Other definitions 
included service life based on serviceability indices and service life based on years to failure (as 
defined by either a threshold value or the need for major rehabilitation or full reconstruction). A 
recent Colorado DOT report on the life of their Superpave HMA pavements defined zero 
remaining service life as the point in time that the measured distresses exceed an acceptable 
condition (9). Von Quintus et al. defined service life in their investigation of expected service life 
ƻŦ Ia! ǇŀǾŜƳŜƴǘǎ ƛƴ [¢tt ŀǎ ǘƘŜ άǘƛƳŜ ƛƴ ȅŜŀǊǎ ŦǊƻƳ ŎƻƴǎǘǊǳŎǘƛƻƴ ǘƻ ǘƘŜ ŦƛǊǎǘ ƳŀƧƻǊ 
rehabilitation or ǘƻ ŀƴ ǳƴŀŎŎŜǇǘŀōƭŜ ŎƻƴŘƛǘƛƻƴ ƻŦ ǘƘŜ ǇŀǾŜƳŜƴǘ ǎǳǊŦŀŎŜέ ό10).  

Previous efforts have been conducted to determine actual service life based on historical data 
alone. In a 2004 report, Minnesota DOT utilized historical PMS data to determine the average 
and median age of asphalt pavements and concrete pavements at the time of the first 
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rehabilitation (11). Combining historical values with results from other efforts within the state 
and engineering experience, recommendations were then made for initial service life for LCCA. 
In a similar manner, researchers utilized the timing of the first major rehabilitation to determine 
historical service life of JPCP pavements in Georgia (12).  

As noted earlier, basing service life on historic data alone may not capture advances in design 
and construction. For this reason, Von Quintus et al. chose to use levels of pavement condition 
(low, moderate, and excessive) to develop expected service life estimates for asphalt pavements 
in LTPP (10). Pavement service life was estimated for six performance measures: fatigue cracking, 
longitudinal cracking in the wheelpaths, longitudinal cracking outside of the wheelpaths, 
transverse cracking, rutting, and roughness. A recent report published by Colorado DOT 
considered the same performance measures (although no distinction was made for longitudinal 
cracking as in or outside of wheelpath) in their estimation of service life for pavements 
constructed with Superpave hot-mix asphalt (HMA) using thresholds from their mechanistic-
empirical pavement design procedure (9).  

Other research efforts have looked at the time to reach just one threshold. In addition to 
ŘŜǘŜǊƳƛƴƛƴƎ ǎŜǊǾƛŎŜ ƭƛŦŜ ƻŦ DŜƻǊƎƛŀΩǎ ŎƻƴŎǊŜǘŜ ǇŀǾŜƳŜƴǘǎ ōȅ ǘƛƳŜ ǘƻ the first major rehabilitation, 
Tsai et al. also conducted an analysis to determine service life based on a predetermined 
threshold value for faulting index (12). In a 2008 study, researchers utilized a common IRI value 
to estimate service life for both asphalt and concrete pavements in Kansas (13). It is important 
to understand both aspects of the definition of pavement service life: historical time to the first 
major rehabilitation and the performance measures used to define unacceptable condition 
(which necessitates rehabilitation). Therefore, a review of agency practices for determining the 
actual time of first major rehabilitation of in-service asphalt and concrete roadways is necessary.  

3.1 Review of Agency Practices for Determining Actual Service Life 

As part of the questionnaire issued for this study, DOTs were polled about the decision-making 
process utilized to determine the actual timing of a major rehabilitation of their interstates. 
Thirty-four DOTs answered with a variety of responses as summarized below. Full responses can 
be viewed in Appendix F. From the responses, it can be surmised that each DOT utilizes a process 
that is unique to their state and dependent on a number of factors. Generally, DOTs indicated 
that their decision-making process consisted of reviewing pavement condition data from annual 
surveys. In many cases, the process also incorporated other factors such as funding and/or 
functional classification of the roadways. While each DOTΩs process was unique, there were 
commonalities in terms of the types of processes used to arrive at the actual time to the first 
rehabilitation. Similar processes were grouped together, but many aspects of the reported 
methods overlap. Responses are summarized as follows. 

¶ The majority of agencies that responded indicated that their decision-making process for 
the actual timing of rehabilitation for interstate pavements was based mainly on 
pavement condition data or pavement condition indices. Additionally, several agencies 
indicated that a condition index or condition data trigger rehabilitation.  
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¶ Several agencies responded that a combination of pavement condition data and other 
factors were used to determine actual timing. Other factors included cost and benefit of 
rehabilitation, construction history, traffic, field observations/visual distress, or need for 
capacity.  
o Two agencies, Alabama and Maryland, noted that there was no formal or uniform 

process for arriving at the timing for rehabilitation. However, both agencies indicated 
that several factors were considered, including both objective information, such as 
PMS optimization results, rehabilitation history, or falling weight deflectometer 
(FWD) testing, and subjective information, such as perceived rehabilitation needs 
from district or regional offices or political considerations. 

o Several DOTs, such as Kansas, Kentucky, West Virginia and Utah DOTs, indicated that 
analysis of PMS data or optimization conducted within the PMS itself was used to help 
identify candidates for rehabilitation. In some cases, this consisted of predicting 
future condition and considering available funding. One agency indicated that trigger 
values were used as part of the PMS analysis. Another agency, West Virginia, noted 
that PMS identifies rehabilitation candidates, although other candidates were also 
identified subjectively, and both were evaluated as part of the annual resurfacing 
program.  

o Some agencies that used PMS to help identify candidates for rehabilitation, such as 
Missouri, South Carolina, and Utah, noted that they conducted a review of those 
candidates before approval. 

¶ One agency, Hawaii DOT, stated that no trigger value was currently being used; however, 
the process for decision-making was not described in its response. 

¶ One agency, Louisiana DOT, indicated that timing was based on experience; however, it 
was inferred in other DOTsΩ responses that experience was also factored into their 
processes.  

¶ One agency, North Carolina, stated that a 10-year plan was being developed for managing 
their interstate pavements. Similarly, California has also implemented a ten-year plan and 
also has a five-year plan for maintenance projects.  

¶ Based on the summary of responses, it is evident that the primary factors considered in 
arriving at the actual timing of rehabilitation for interstate pavements is pavement 
condition or pavement condition indices, PMS analyses, and threshold values for 
performance or condition.  

3.2 Performance Measures Considered for Actual Service Life (Rehabilitation Triggers) 

Based on the variety of methods reported for determining actual timing of interstate 
rehabilitation, there is a need to investigate the types of performance measures that trigger 
rehabilitation activities among each pavement type.  

3.2.1 Previously Reported Performance Measures Used in Practice 

In the 2009 Pavement Scores Synthesis report, DOTs were surveyed to summarize their 
pavement scores and rating methods utilized across the country (14). Agencies were also asked 
to note if those scores were used in identifying pavement maintenance or rehabilitation 
activities. However, agencies were not asked to differentiate the scores or methods between 
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asphalt and concrete pavements. While the methods for computing pavement scores or ratings 
varied widely, 23 DOTs associated their pavement scores with recommended pavement 
maintenance or rehabilitation activities and 5 DOTs used decision trees to identify M&R activities. 
Table 3.1 summarizes the pavement scale and M&R action reported in the 2009 synthesis (14). 
Some agencies provided more detail than others on the M&R action. It is evident from this table 
that those indices used to identify M&R actions are unique to each agency. 

While agencies also reported the distresses included in their condition surveys, it is difficult to 
discern from the report (14) specifically what parameters were used to compute the scores listed 
in Table 3.1 and how those parameters differ by pavement type. Papagiannakis also asked DOTs 
ǿƘŀǘ ƛƴŘŜȄ ƛǎ ōŜƛƴƎ ǳǎŜŘ ǘƻ ŘǊƛǾŜ άƴŜǘǿƻǊƪ-ƭŜǾŜƭ ǇŀǾŜƳŜƴǘ ǊŜǇŀƛǊ ŘŜŎƛǎƛƻƴǎέ ό14). Of the ten DOTs 
that responded, nine indicated that one or a combination of indices is used. Only one agency, 
Arkansas DOT, indicated that their PMS does not drive network level pavement repair decisions. 
Although the index itself may not be consistent among the nine DOTs, there are some 
commonalities. Roughness or ride was reported as a component of the index or indices used to 
trigger network level pavement repair for five of the nine DOTs and was the main component 
used by Arizona DOT. Other performance measures considered included cracking, reported by 
five DOTs, and rutting, reported by four DOTs.
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Table 3.1 Pavement Scores and Recommended M&R Actions (after 14) 

State Survey/Score Name Score/Scale Description M&R Action 

AL None 0-100 N/A Overlay at 55 

CA 
Pavement Condition Survey 

(PCS) 

1 Excellent Preventive maint. 

2 Good Preventive maint. 

3 Fair Major rehab or replacement 
4 Poor Major rehab or replacement 

5 Very Poor Major rehab or replacement 

CO 
Remaining Service Life (RSL) (in 

years) 

RSL > 11 Good None 

6 ς 10 Fair None 

1 ς 5 Poor None 
0 Due Need rehab 

DE 
Overall Pavement Condition 

(OPC) 

4 ς 5 Very Good Routine maint. 

3 ς 4 Good Preventive maint. 

2.5 ς 3 Fair Preventive maint. 

2 ς 2.5 Poor Rehab 
< 2 Very Poor Reconstruction 

FL Pavement Condition Rating (PCR) 

10 Best Preventive maint 
6.4 Sound condition Preventive maint 

6 
Not considered to be 

deficient when speed limit is 
< 50 mph 

Major rehab or replacement 

0 Worst Major rehab or replacement 

GA 
Pavement Condition Evaluation 

System (PACES) 

100 ς 75  Excellent/Good  

70 ς 75 Fair Rehab 

<70 Poor/Bad Resurfacing 

IL 
Pavement Condition Survey 

(CRS) 

7.6 ς 9 Excellent Preventive maint. 

6.1 ς 7.5 Good Acceptable condition 
4.6 ς 6.0 Fair Repair in the short term 

0 ς 4.5 Poor Immediate major rehab 
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State Survey/Score Name Score/Scale Description M&R Action 

IA Pavement Condition Index (PCI) 

80 ς 100 Excellent Preventive maint. 

60 ς 80 Good Preventive maint. 
40 ς 60 Fair Major rehab 

0 ς 39 Poor Reconstruction 

KS Performance Level (PL) 
1 Smooth/no distress Smooth/no distress 
2 Require routine maint. Require routine maint. 

3 Require rehab Require rehab 

MI 

Sufficiency Rating (SR) 
Distress Index (DI) 

Remaining Service Life (RSL) 
Ride Quality Index (RQI) 

SR: 1.0 ς 2.5 Good pavement Preventive maint. 

SR: 3.0 ς 3.5 Fair pavement Major rehab or replacement 

SR: 4.0 ς 5.0 Poor pavement Major rehab or replacement 

MO 
Present Serviceability Rating 

(PSR) 

 NHS Arter Coll  

Acceptable PSR җон җом җол Preventive maint. 

Marginal PSR 29-32 29-31 29-30 Asphalt surface treatments 

Unacceptable 
PSR 

<29 <29 <29 
Rehab as per RTD 02-013/RI00-

008 

NY Pavement Condition Index (PCI) 

9 ς 10 Excellent/No distress 

Treatment Selection Report 
(PETSR) 

7 ς 8 
Good/Distress begins to 

show 

6 Fair/Distress clearly visible 

1 ς 5 Poor/Distress freq/severe 

NC 
Pavement Condition Rating (PCR) 

plus individual distress indices 
 Good: PCR>80 

Rehab triggered by individual 
distress indices rather than PCR 

OH Pavement Condition Rating (PCR) 

90 ς 100  Very good  Preventive maint. 

75 ς 90  Good Preventive maint. 
65 ς 75  Fair Major rehab or replacement 

55 ς 65  Fair to poor Major rehab or replacement 

40 ς 55 Poor Major rehab or replacement 
0 ς 40 Very poor Major rehab or replacement 
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State Survey/Score Name Score/Scale Description M&R Action 

OR 
(NHS) 

Pavement Condition Surveys 

100 ς 98.1 Very Good  Preventive maint. 

98.0 ς 75.1 Good Preventive maint. 
75.0 ς 45.1 Fair Minor level of repair 

45.0 ς 10.1 Poor Major rehab or replacement 

10.0 ς 0.0 Very poor Major rehab or replacement 

OR 
(non-
NHS) 

Visual survey and subjective 
rating 

1.0 ς 1.9  Very Good  Preventive maint. 

2.0 ς 2.9 Good Preventive maint. 
3.0 ς 3.9  Fair Minor level of repair 

4.0 ς 4.9 Poor Major rehab or replacement 

5 Very poor Major rehab or replacement 

SC Pavement Quality Index (PQI) 

4.1 ς 5.0  Very good  Preventive maint. 

3.4 ς 4.0  Good Preventive maint. 

2.7 ς 3.3  Fair Minor level of repair 

2.0 ς 2.6  Poor Major rehab or replacement 

0.0 ς 1.9 Very poor Major rehab or replacement 

SD 
Pavement Serviceability Rating 

(PSR) 

5 Best Detailed method. In general, 
principal arterial resurfacing for 

(2.6<PSR<3.0) and 
reconstruction for (PSR<2.6).  
For other functional classes 

reconstruction for (PSR<2.6). 

3  

2.6  

0 Worst 

TN Pavement Quality Index (PQI) 

4.0 ς 5.0 Very good Do nothing 

3.5 ς 4.0 Good 
Routine and/or preventive 

maint. 

2.5 ς 3.5 Fair Eligible for resurfacing program 

1.0 ς 2.5 Poor Added to resurfacing program 

0 ς 1 Very poor 
Mandatory field review 

performed 
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State Survey/Score Name Score/Scale Description M&R Action 

VT PCI 
100 ς 40 Acceptable None 

< 40 Unacceptable Rehabilitation or reconstruction 

VA Critical Condition Index (CCI) 

>90 Excellent 

Decision trees; in general, CCI < 
60 triggers rehab 

70 ς 89 Good 

60 ς 69 Fair 
50 ς 59 Poor 

<49 Very poor 

WA 
Pavement Structural Condition 

(PSC) 

100 Excellent None 

100 ς 50 Good None 

50 Fair Due 
<50 Poor Rehabilitation or reconstruction 

WV  

5 Excellent  
4 Good  

3 Fair  

2 Poor Rehab at 2.5 

1 Very poor  

WI Pavement Distress Index 

0 ς 19 Very good Preventive maint. 
20 ς 39 Good Preventive maint. 

40 ς 59 Fair Major rehab or replacement 

60 ς 79 Poor Major rehab or replacement 

80 or more Very poor Major rehab or replacement 

1Error in cited document, table presented here reflects values reported in the following source document: Missouri DOT, Missouri Guide for 
Pavement Rehabilitation, Report No. RDT 02-013/RI00-008, Missouri DOT, Jefferson City, MO, 2002. 
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3.2.2 Performance Measures Used for Determining Actual Service Life ς Current Practices 

Although the Pavement Scores Synthesis report (14) provides insights into the performance 
measures considered for recommending M&R activities, the report was published in 2009 and 
several DOTs indicated that they were in the process of changing their process for rating or 
scoring their pavements. To gain an understanding of current practices, questions regarding 
condition or performance indices used in recommendations of M&R activities were also included 
in the questionnaire conducted for this study. Full responses to the questions below are listed in 
Appendix H and I, respectively. Specifically, agencies were asked: 

¶ If some form of a condition or performance index is used to monitor the performance of 
your pavements, how is the index determined and what are the thresholds used to trigger 
overlay or rehabilitation?  

¶ If not an index, then what method or measurements are used to monitor pavement 
performance and what are the thresholds used to trigger overlay or rehabilitation? 

The majority of the agencies that responded stated that some form of a condition or performance 
index (or indices) was used to monitor the performance of their pavements. Minnesota stated 
that decision trees are utilized and provided a link to the supporting documents. They also 
indicated that thresholds are irrelevant as more pavements fail established performance targets 
than can be funded. Although various indices, including Ride Quality Index (RQI), Surface Rating 
(SR), Pavement Quality Index (PQI), and Remaining Service Life (RSL), and associated thresholds 
were included in aƛƴƴŜǎƻǘŀΩǎ decision trees, other factors were also included to identify the 
necessary treatment. These factors varied by pavement type and included severity and extent of 
cracking specific to the pavement type, as well as pavement age, last rehabilitation type, traffic, 
and functional classification. Arizona DOT also indicated that decision trees are used, and that 
rather than using an index, individual performance indicators such as IRI, cracking, and rutting, 
as well as cost-effectiveness analyses, served as triggers. Specifically, two triggers were provided: 
IRI greater than 105 in/mi and cracking greater than 15%. It was not stated how the decision trees 
in Arizona differ by pavement type.  

California (Caltrans) indicated that pavements have traditionally been rated and placed into one 
of five categories, each color coded to reflect the type of project and cost. These five categories 
were consolidated in their previous State of the Pavement Reports into three conditions: good, 
fair, or poor. Good (corresponding to pavements rated green) and fair pavements (those rated 
yellow) were addressed with Highway Maintenance (HM) projects, while poor pavements (rated 
either blue, orange, or red) warranted State Highway Operation and Protection Program (SHOPP) 
projects. Beginning with their 2017 ten-year plan and moving forward, Caltrans has adopted the 
MAP-21 performance measures of cracking, ride, faulting, and rutting. Each performance 
measure is evaluated independently and rated as good, fair, or poor. The overall pavement is 
then rated as good, fair, or poor based on the combination of ratings for each performance 
measure. If all performance measures are considered good, the overall rating for the pavement 
is also good; if at least two of the performance measures are rated as poor, the overall rating is 
considered poor. A pavement receives an overall rating of fair if it does not fall into either good 
or poor categories. The priority matrices provided by Caltrans are shown for each asphalt and 
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jointed plain concrete pavements in the figure below. The thresholds for each performance 
measure for good (green), fair (yellow) and poor (red) are also shown in Figure 3.1.  

 

Figure 3.1 Caltrans Priority Matrix 

Seventeen agenciesτa little over half of the agencies that respondedτindicated that an index is 
used to trigger an overlay or rehabilitation. Each ŀƎŜƴŎȅΩǎ ǊŜǎǇƻƴǎŜs to the questions included 
under Question 2 (Appendices F ς I) were used to compile the information in Table 3.2. Some 
agencies indicated the index, parameters it is a function of, or the trigger values themselves differ 
by pavement type; therefore, where provided, this information has been included in the table. 
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Not all of the triggers were provided in some cases, but rather subsets, or examples, were stated, 
which are noted where applicable. Additionally, details on the index itself as well as the 
components of the indices are summarized based on the information provided or other 
references an agency specifically listed or provided.  

The indices and triggers varied from agency to agency. With the exception of Arizona and 
Washington DOTs, triggers are based on indices, which combine more than one condition 
indicator or measured distress. In the case of these two agencies, IRI, rutting, or cracking are 
stand-alone triggers. Other agencies consider these distresses by embedding them in the 
calculation of the condition or performance indices. While the indices themselves are often 
calculated for distresses specific to the pavement type, the trigger values may remain the same. 
This is the case for Arkansas, in which the trigger values for the pavement condition index (PCI), 
are the same. However, PCI is based solely on IRI for rigid pavements and is a composite index 
encompassing IRI, rutting, and cracking for flexible pavements. In some cases, such as 
Connecticut, Utah, and West Virginia DOTs, trigger values were specific to the type of pavement.  

It is clear from the table that the methods and specific threshold values used to arrive at the 
actual timing of rehabilitation are unique to each agency. There are several distresses that are 
ŎƻƳƳƻƴ ǘƻ ŜŀŎƘ ŀƎŜƴŎȅΩǎ ƛƴŘƛŎŜǎΦ ¢ƘŜ ƛƴŘƛŎŜǎ ǿŜǊŜ Ƴŀƛƴƭȅ ŎƻƳǇǊƛsed of cracking, roughness 
(IRI), and rutting for flexible pavements and faulting for rigid pavements.  
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Table 3.2 Indices Used to Trigger Rehabilitation 

State Index Function of Trigger Values for Rehabilitation 

AK 
Present Serviceability Rating 

(PSR) 
0 (poor) ς 5.0 (very good) 

Flexible: Rut Depth and IRI PSR< 3.0 

AL 
Pavement Condition Rating 

(PCR) 
Composite index based on semi-

automated distress survey 
PCR < 55 

AR 
Pavement Condition Index (PCI) 

0 (Good) ς 100 (Poor) 
Flexible: IRI, Rutting and Cracking 

Rigid: IRI 
t/L җ ср 

CT 

Scale: 0 ς 10  Examples Provided 
Structural Rehab (Composite):  

3.5 < Ride Index < 5.0 
OR 

3.0 < Environmental Index < 5.25 
OR 

3.5 < Structural Index < 5.0 
 

Structural Rehab (Flexible): 
3.0 < Structural Index < 5.0 

 
Structural Overlay + Joint Repair (Rigid): 

4.0 < Ride Index < 7.0 
 

Structural Overlay + Joint Repair 
(Composite): 

3.0 < Ride Index < 4.5 
OR 

2.0 < Environmental Index < 4.0 
OR 

3.0 < Structural Index < 4.5 

Environmental Cracking Index 
Flexible: transverse and non-wheelpath 

cracking 
Composite: non-joint related cracking 

Ride Index IRI transformed to 0-10 scale 

Structural Cracking Index 

Flexible: wheelpath and some non-
wheelpath longitudinal (at right edge) 

cracking 
Composite: transverse cracking in excess 
of expected single reflection crack, plus 
wheelpath and right edge longitudinal 

cracking 
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State Index Function of Trigger Values for Rehabilitation 

FL 

Scale: 0 ς 10  /ǊŀŎƪ LƴŘŜȄ Җ сΦр 
OR 

wƛŘŜ LƴŘŜȄ Җ сΦр 
OR 

wǳǘ LƴŘŜȄ Җ сΦр 

Rut Rutting (Flexible) 

Crack Not provided (Flexible and Rigid) 

Ride IRI (Flexible and Rigid) 

IA PCI Pavement type, individual distress types άDŜƴŜǊŀƭƭȅέ PCI < 60 

KS 
Performance Level (PL) based 
on three-digit distress state 

Distress state 
Flexible: 

First digit: Indicator of roughness based on 
IRI in right wheelpath 

Second digit: Indicator of transverse 
cracking 

Third digit: Indicator of rutting 
Rigid: 

First digit: Indicator of roughness based on 
IRI in right wheelpath 

Second digit: Indicator of joint distress 
Third digit: Indicator of faulting 

PL = 3 
Any of the following distress states is 

equivalent to PL = 3: 312, 313, 321-323, 
331-333 

Individual values that define distress 
states are based on optimization and 

therefore vary from year to year 

MI 
Distress Index (DI) and 

Remaining Service Life (RSL) 

DI: Level of surface distress, project 
history, and projected growth of 

pavement surface distress. 
RSL: Estimated number of years from a 
specified date in time, until a pavement 
section is projected to reach a DI of 50 

w{[ Җ н όŀǘ 5L Ґ рлύ 

MT 
Ride IRI Examples Provided 

Overlay: Ride = 69.9 Rut Rutting 
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State Index Function of Trigger Values for Rehabilitation 

Alligator Cracking Index (ACI) Alligator cracking Minor Rehab: Ride = 57 
Major Rehab: Ride = 30 

Overlay or Minor Rehab: 65 < ACI < 80 
Miscellaneous Cracking Index 

(MCI) 
Transverse/longitudinal cracking 

NC Composite PCR 
Includes cracking, both wheelpath and 
environmental, rutting, ride, raveling, 

bleeding for flexible 
Unclear 

NJ 
SDI 

Scale: 0 ς 5 
(5 = distress-free pavement) 

Severity and extent of distress; IRI not 
used 

For minor rehab of asphalt & concrete 
pavements: мΦл Җ {5L Җ нΦр 

For major rehab of asphalt & concrete 
pavements: SDI < 1.0 

NV 
Point Rating Index (PRI) 

Pavement Age 

IRI, friction, rutting, fatigue and block 
cracking, non-wheelpath cracking, 

patching, flushing, raveling 

Overlay: 400-699 
Major rehabilitation: > 699 

OR 
Condition Index 
Scale: 0 ς 100 

Detailed condition assessment completed 
every two years, including distress, rut, 

roughness, and friction 

Distress and rut are primary triggers. 
Triggers adjusted to the appropriate 

rehabilitation type commensurate with 
where they are on the Pavement 
Management Curve. άDŜƴŜǊŀƭƭȅ,έ 
ǊǳǘǘƛƴƎ Ґ ҁέ ǘǊƛƎƎŜǊǎ ŀƴ ŀŎǘƛƻƴΣ ŀƴŘ 

widespread low fatigue or intermittent 
moderate fatigue would likely trigger 

action on the interstate 

UT 

RIDE Roughness based on IRI 
Concrete Grinding: wL59 ƻǊ C![¢ Җ тр 
ŀƴŘ /hbY җ ул ŀƴŘ C![¢ җ рл 

Concrete Minor Rehab: RIDE, FALT, 
/hbY ƻǊ W¢{t Җ тр ŀƴŘ /hb/ җ сл 
/ƻƴŎǊŜǘŜ aŀƧƻǊ wŜƘŀōΥ /hbY Җ рл 

Low, Medium, or High Seal: RIDE, RUT 
ŀƴŘ 9b±/Y җ тл ŀƴŘ ²t/Y җ тр 

CONK 
Structural cracking from corner breaks and 

cracked slabs 

FALT Faulting (difference in slab elevation) 

JONT 
Joint index from spalling and asphalt 

patching 

JTSP Joint spall index 

RUT Rutting 
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State Index Function of Trigger Values for Rehabilitation 

ENVCK 
Environmental cracking (transverse, 

longitudinal, block cracking) 

Functional Repair ς Interstate & Level 1: 
RIDE, RUT, or ENVCK < 70 and RIDE, 
w¦¢Σ ŀƴŘ 9b±/Y Ҕ рл ŀƴŘ ²t/Y җ тл 

Functional Repair ς Level 2: RIDE, RUT, 
or ENVCK < 70 and RIDE, RUT & ENVCK 

> 50  
Asphalt Minor Rehab: RIDE, RUT, or 
9b±/Y ғ сл ƻǊ ²t/Y ғ тр ŀƴŘ ²t/Y җ 

60 
!ǎǇƘŀƭǘ aŀƧƻǊ wŜƘŀōΥ ²t/Y Җ рр 

WPCK 
Wheel-path cracking (cracking due to 

fatigue) 

WA 

Pavement Structure Condition 
(PSC) 

Cracking 45 < PSC < 60 

Pavement Rutting Condition Rutting Rut > .50 inches 
Pavement Profile Condition IRI IRI > 220 inches 

WV 

Composite Condition Index 
(CCI) 

Flexible: Minimum of PSI, SCI, ECI, and RDI 
Rigid: Minimum of PSI, JCI, CSI 

Thick Overlay: CCI: 1 ς 2.5 
Major CPR, Diamond Grind:  

CCI: 2.5 ς 3.25 
Reconstruction: CCI: 0 ς 1 

PSI IRI 

Flexible Pavements:  

Rutting Depth Index (RDI) Rutting 
Structural Cracking Index (SCI) Fatigue cracking and longitudinal cracking  

Environmental  
Cracking Index (ECI) 

Transverse cracking and block cracking 

Net Cracking Index (NCI)  Index is a function of a combined ECI and 
SCI 

Rigid Pavements:  

Joint Condition Index (JCI) Faulting and Joint Distress 
Slab Condition Index (SCI) Transverse and Longitudinal slab cracking 
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3.2.3 Use of IRI in Determining Actual Service Life 

As noted in the previous section, condition indices and associated threshold values that trigger 
rehabilitation are unique to each agency and are, in part, dependent on pavement type. 
However, some common performance measures are used for each pavement type, such as 
various types of cracking and rutting for flexible pavements and cracking, faulting, and joint 
distress for rigid pavements. Pavement roughness, often characterized by IRI, was commonly 
reported as part of the condition indices used to trigger rehabilitation. Unlike cracking, which is 
classified into various types (such as longitudinal, transverse, slab, wheelpath, etc.) for each 
pavement type, pavement roughness was commonly characterized by the same parameter, IRI, 
regardless of pavement type. Given that this is the only performance measure common to both 
pavement types, the role of IRI in determining the actual time of rehabilitation was investigated 
further, as it may be a good candidate for basis of achieving equal performance or user benefits 
in LCCA. As part of the questionnaire issued for this study, agencies were asked how roughness 
(in terms of IRI) factors into the decision-making process to determine the actual time of 
rehabilitation of their asphalt and concrete roadways. Responses generally fell into five different 
categories and are summarized below (full responses are listed in Appendix G). 

¶ IRI is part of an index or PMS model used to make the decision. 
o Nine agencies stated that IRI is part of their condition rating or indices. Two of those 

agencies indicated that IRI plays a significant role in their decision-making process. 
Arkansas DOT stated that IRI accounts for 50% of the overall condition index, PCI, for 
flexible pavements. Kansas stated that although it is one of the variables making up 
the condition index, it is a significant component of their condition assessment and 
decision-making process. 

¶ IRI is one factor considered. 
o IRI was one of the triggers in seven agencies; three of those agencies indicated that 

IRI was more of a secondary trigger. Washington stated that IRI serves as a trigger 
with a threshold value of 220 in/mi and IRI is generally a lagging indicator, meaning 
pavements generally reach the threshold values for the other two indicators, PSC and 
rutting, before reaching the IRI threshold. Similarly, Alaska reported that although the 
FHWA criterion of 170 in/mi is considered, IRI is not the sole performance measure 
that can trigger action. Oregon DOT reported similar use of IRI, as it is used as a 
secondary trigger rather than a stand-alone trigger. Colorado DOT also indicated that 
it is one performance indicator that could trigger rehabilitation. Tennessee DOTΩǎ 
response indicated that IRI, in addition to distress, could also be used to identify 
possible candidates for rehabilitation. Connecticut DOT indicated that IRI is 
considered when IRI values have exceeded established thresholds. For composite 
pavements, Connecticut DOT considered IRI as a major indicator of structural distress 
and monitored its progression to identify potential structural deficiencies.  

o Arizona DOT indicated that decision trees are used, in which IRI is considered among 
other factors. A threshold value of 105 in/mi is used, a value much lower than those 
reported by Alaska and Washington.  

o Five agencies indicated that IRI is simply one of the factors considered in their 
decision-making process. Two of the five agencies also stated that IRI is used to 
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communicate pavement performance. One agency reports IRI to the public, and the 
other reports IRI ǘƻ ǘƘŜ ǎǘŀǘŜΩǎ ƭŜƎƛǎƭŀǘǳǊŜ ŀƴŘ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ŎƻƳƳƛǎǎƛƻƴΦ 

¶ IRI is the primary parameter considered. 
o In Arkansas, IRI is part of the condition index, PCI, used to monitor performance and 

trigger rehabilitation in flexible pavements, and it is the only component that makes 
up PCI for rigid pavements. Rehabilitation is triggered when PCI is in the poor 
category.  

o Minnesota indicated that IRI is the primary driver for their PMS and performance 
measures.  

¶ IRI is not used to trigger rehabilitation. 
o Three agencies indicated that IRI is not used in the decision-making process. Another 

agency stated that it is generally not a dominant performance measure, and it is not 
currently used in their LCCA procedure.  

o Michigan DOT indicated that although IRI is not used directly in the decision-making 
process, it could be used if values are large enough to trigger complaints or lead to 
other issues.  

o New Jersey DOT does not use IRI to identify pavements in need of rehabilitation but 
does utilize IRI in combination with other condition indices to prioritize projects.  

¶ Other: 
o Two agencies indicated that IRI is used to trigger maintenance activities. In California, 

corrective maintenance is considered for pavements with IRI greater than 170 in/mi. 
In Pennsylvania, pavements with fair or poor IRI (greater than 100 in/mi) are 
candidates for preventive maintenance treatments, at the least. 

Although it was not specifically sought, responses to ǘƘŜ ǉǳŜǎǘƛƻƴΣ άIƻǿ ƛǎ LwL ǳǎŜŘ ƛƴ ǘƘŜ 
decision-making process?έ (reported in Appendix G) revealed IRI threshold values used in the 
decision-making process for arriving at the actual time of rehabilitation. The reported values have 
a broad range. At the high end, Washington uses 220 in/mi as a trigger, although it was identified 
as a lagging indicator. Alaska considers an IRI threshold value of 170 in/mi, among other factors, 
ƛƴ ŀǊǊƛǾƛƴƎ ŀǘ ǘƘŜ ŀŎǘǳŀƭ ǎŜǊǾƛŎŜ ƭƛŦŜΦ !ƭŀǎƪŀΩǎ LwL ǘƘǊŜǎƘƻƭŘ ƛǎ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ the FHWA threshold 
for poor IRI defined as greater than 170 in/mi under the MAP-21 performance measures (4). In 
Arkansas, rehabilitation is triggered when PCI reaches a level of poor (PCI of 65 or greater), and 
it was stated that for rigid pavements, PCI is based on IRI alone. Prior to calculating PCI, Arkansas 
DOT reported that IRI values are transformed to a 0 to 100 scale as part of the PCI calculation, so 
it is difficult to discern exactly the IRI values for rigid pavements that correspond to a PCI of 65 
or greater. Although not provided, it could be assumed that poor PCI likely corresponds with poor 
categories for the IRI values. IRI categories were reported, such that values greater than 220 in/mi 
are considered poor, and values between 170 in/mi and 220 in/mi are mediocre. 

Nevada DOT reported that a number of distresses including IRI are used to determine their point 
rating index, PRI, which is then used to trigger rehabilitation activities. The provided supporting 
ŘƻŎǳƳŜƴǘΣ bŜǾŀŘŀ 5h¢Ωǎ tŀǾŜƳŜƴǘ aŀƴŀƎŜƳŜƴǘ {ȅǎǘŜƳ hǾŜǊǾƛŜǿΣ ǇǊƻǾƛŘŜǎ LwL ŎŀǘŜƎƻǊƛŜǎ ŀǎ 
part of the PRI calculation for flexible pavements (15). CaǘŜƎƻǊƛȊŜŘ ŀǎ άǎƳƻƻǘƘ,έ άƳŜŘƛǳƳ,έ ƻǊ 
άǊƻǳƎƘ,έ LwL ǾŀƭǳŜǎ ŦƻǊ ŜŀŎƘ ǊƻŀŘǿŀȅ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ŀǊŜ ǎǳƳƳŀǊƛȊŜŘ ƛƴ ¢ŀōƭŜ оΦоΦ ¢ƘŜ LwL ǾŀƭǳŜǎ 
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used to categorize flexible pavements as rough in Nevada are on the low end of the spectrum 
and are much lower, especially for interstates, than those used for Washington and Arkansas. In 
bŜǾŀŘŀ 5h¢Ωǎ ǇǊƻŎŜŘǳǊŜΣ Ǉƻƛƴǘǎ ŀǊŜ ŀǎǎƛƎƴŜŘ ƻǊ ŎŀƭŎǳƭŀǘŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ ƭŜǾŜƭ ƻŦ ŘƛǎǘǊŜǎǎ ŀƴŘ 
roughness with the sum of the points representing the PRI. As shown in Table 3.3, higher points 
indicate poorer pavement condition and trigger rehabilitation. Points are assigned to each 
grouping of IRI values as listed in Table 3.3 with the highest points assigned to IRI values falling 
into the roughest category (e.g. greater than 115 in/mi for Interstates). PRI is a combination of 
several distresses and IRI, and values between 400 and 699 points trigger an overlay, while values 
greater than 699 trigger major rehabilitation. Based on the points assigned to IRI, it appears that 
IRI is a significant factor in the decision to rehabilitate flexible pavements. According to Nevada 
5h¢Ωǎ tŀǾŜƳŜƴǘ aŀƴŀƎŜƳŜƴǘ {ȅǎǘŜƳ hǾŜǊǾƛŜǿΣ Ǌough pavements account for at least 400 
points, the minimum value needed to trigger an overlay. Details on the IRI values, distresses, and 
ŀǎǎƻŎƛŀǘŜŘ Ǉƻƛƴǘǎ ŦƻǊ ŎƻƴŎǊŜǘŜ ǇŀǾŜƳŜƴǘǎ ǿŜǊŜ ƴƻǘ ƭƛǎǘŜŘ ƛƴ bŜǾŀŘŀ 5h¢Ωǎ tŀǾŜƳŜƴǘ 
Management System Overview, nor were any distinctions made between pavement types in 
their responses; therefore, it is unclear if the same IRI values listed in Table 3.3 also apply to rigid 
pavements. This is likely due to the proportion of flexible pavements relative to the total lane 
miles Nevada DOT maintains.  

Table 3.3 Nevada DOTΩs IRI Categories for Flexible Pavements (15) 

Ride 
Indicator 

Interstates 
Non-Interstates, NHS, Surface 
Transportation Program (STP) 

All Other Routes  
(Low-volume roads) 

IRI 
in/mi 

PMS 
Points 

IRI 
in/mi 

PMS  
Points 

IRI 
in/mi 

PMS  
Points 

Smooth 
0 ς 40 
41 ς 70 

0 
100 

0 ς 80 
81 ς 100 

0 
100 

0 ς 90 
91 ς 130 

0 
100 

Medium 
71 ς 90 
91 ς 105 

200 
300 

101 ς 115 
116 ς 130 

200 
300 

131 ς 150 
151 ς 170 

200 
300 

Rough 
106 ς 115 

> 115 
400 
500 

131 ς 160 
> 160 

400 
500 

171 ς 200 
> 200 

400 
500 

Utah DOT considers IRI for their RIDE index, which is in part used to trigger minor rehabilitation 
for asphalt and concrete, functional repairs, concrete grinding, ŀƴŘ ŀǎǇƘŀƭǘ άǎŜŀƭǎέ όǎǳǊŦŀŎŜ 
treatments and thin AC overlays) (16). RIDE index values of 50 represent the boundary between 
fair and poor condition, and a value of 50 correlates to 170 in/mi for asphalt pavements and 190 
in/mi for concrete pavements. As shown in Table 3.4, Utah has assigned categories of good, fair, 
and poor to asphalt and concrete pavements such that concrete IRI values are shifted up by 20 
in/mi at each category. 

Table 3.4 Utah DOT IRI Categories (16) 

Ride Asphalt IRI (in/mi )  Concrete IRI (in/mi )  

Good < 95 < 115 

Fair 95 ς 170 115 ς 190 

Poor > 170 > 190 



 

39 

Pennsylvania was less specific in their trigger values for rehabilitation, stating only that roadways 
with fair or poor IRI were candidates for at least preventive maintenance treatments, with poor 
being defined by IRI greater than 150 in/mi (17).  

3.3 Summary 

The goal of LCCA is to determine the most cost-effective alternative by evaluating the anticipated 
costs over the life of the pavement. Costs include those of construction and M&R activities over 
the life of the pavement, and they are combined with the timing of these activities to compute 
the net present value of each alternative. In LCCA, it is assumed that all the alternatives provide 
ǘƘŜ ǎŀƳŜ ƭŜǾŜƭ ƻŦ ǇŜǊŦƻǊƳŀƴŎŜ ƻǊ ōŜƴŜŦƛǘǎ ǘƻ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ǳǎŜǊǎ, thus, the timing of the activities 
should be determined based on the same set of performance thresholds. However, many 
agencies utilize historical performance data that may not be determined based on the same 
performance criteria to determine the timing of the first rehabilitation activity used in LCCA. This 
chapter reviewed current practices employed by state agencies to arrive at the actual timing of 
rehabilitation activities for existing, in-service pavements.  

In a questionnaire issued for this study, DOTs were asked to provide information on the decision-
making process to determine the actual time of rehabilitation of in-service pavements. 
Responses indicate that the methods vary from agency to agency and include a number of 
factors. Despite their uniqueness, the methods largely consist of the use of pavement condition 
data. Half of the DOTs responding to the questionnaire indicated that rehabilitation triggers, 
typically some type of indices, are used as part of the decision-making process.  

In looking at a synthesis conducted in 2009 on pavement scores used by DOTs across the country, 
it was found that just as the decision-making process for identifying the time of rehabilitation is 
unique to each agency, so are the indices that serve as rehabilitation triggers (14). Although the 
indices are unique to each agency, the performance measures that make up the indices generally 
consisted of roughness, cracking, and/or rutting, with roughness being the most frequently 
reported measure. Results of the questionnaire issued for this study were similar to the 2009 
synthesis in that current rehabilitation triggers commonly consist of indices that combine one or 
more performance measures. The weight that an agency places on an individual performance 
measure and the manner in which they are combined to compute the indices are unique to each 
agency and each pavement type, making it difficult to draw direct comparisons among the 
threshold values provided.  

Various performance measures are considered in DOTsΩ rehabilitation triggers for identifying the 
actual time of rehabilitation for AC and PCC pavements, and as noted earlier, not all performance 
measures apply to both pavement types. Unlike cracking or faulting, IRI is determined in the same 
manner regardless of the pavement type. IRI is a calculated value and serves as an objective 
measurement of the longitudinal profile of a pavement. Therefore, DOTs were also asked to 
report on the use of IRI in the decision-making process for pavement rehabilitation. Responses 
to the questionnaire indicate that most agencies utilize IRI in the decision-making process, and it 
generally is utilized as part of an index or in combination with other factors.  
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Some agencies reported qualitative categories assigned to IRI values, providing an indication of 
the IRI values that may contribute to a rehabilitation activity being triggered. On one extreme, 
Washington considers an IRI of 220 in/mi as a rehabilitation trigger, although it is recognized that 
it is often a lagging indicator behind the other two trigger indices used. Similarly, IRI values, which 
account for 100% of the trigger index (PCI) used in Arkansas for rigid pavements and 50% of the 
index for flexible pavements, are considered poor when greater than 220 in/mi. On the other 
end, Nevada DOT considers interstate pavements with IRI as low as 106 in/mi as poor, and this 
IRI value contributes 400 of the 700 points necessary to trigger major rehabilitation of their 
asphalt roadways based on their point rating index (PRI). In Utah, IRI is used in one of their indices 
that, in combination with other indices, may trigger minor rehabilitation, functional repairs, 
ŎƻƴŎǊŜǘŜ ƎǊƛƴŘƛƴƎΣ ŀƴŘ ŀǎǇƘŀƭǘ άǎŜŀƭǎ.έ LwL ǾŀƭǳŜǎ ŀǊŜ ŀǎǎƛƎƴŜŘ ƎƻƻŘΣ ŦŀƛǊΣ ŀƴŘ ǇƻƻǊ ŎŀǘŜƎƻǊƛŜǎ for 
asphalt and concrete, with IRI values in each category 20 in/mile greater for concrete than asphalt 
pavements. This indicates that a rougher ride is tolerated on concrete pavements, and criterion 
for this particular index (RIDE) is not based on achieving equal levels of performance between 
asphalt and concrete. 

4 DOCUMENTING ACTUAL REHABILITATION CYCLES: SUMMARY OF LTPP DATA 

The initial performance period is an important input in LCCA, and it should represent the actual 
time pavements are in need of rehabilitation. As shown in Section 3, the criteria for rehabilitation 
vary from agency to agency, making it difficult to assess when a pavement has reached a 
particular set of criteria or a single performance threshold. Therefore, the timing of the first 
rehabilitation will first be determined. Then, an analysis of the pavement condition at the time 
of rehabilitation will be conducted. An analysis to determine the actual time to first rehabilitation 
can be conducted utilizing a pavement management dataset documenting rehabilitation 
activities, pavement performance measures, and dates of original construction and rehabilitation 
activities. Several state agencies already collect pavement management data that are sufficient 
for such an analysis, as evidence from the results of previous surveys and the questionnaire 
issued for this study.  

An analysis to determine the actual time to first rehabilitation was conducted in this study 
utilizing the databases established for the Long-Term Pavement Performance (LTPP) program. 
Data gathered under the LTPP program created the most expansive and consistent datasets 
available to researchers on pavement performance and was pointed out in the 1998 FHWA 
publication on LCCA in pavement design as a potential source for determining performance 
periods and activity timing for LCCA (2).  

The LTPP program covers performance of both flexible and rigid pavements and spans all 50 
states and several Canadian provinces (18). The Long-Term Pavement Performance (LTPP) 
program was initiated in 1987 as part of SHRP. It was initially aimed at collecting and storing 
pavement performance data of in-service highways. The data could then be analyzed to 
understand how pavement performance relates to pavement design, construction, 
rehabilitation, maintenance, preservation and management.  
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As part of LTPP, four geographic regions were established based roughly on climatic conditions: 
άNorth Atlantic,έ άNorth Central,έ άSouthern,έ and άWesternέ regions (19). Four climatic zones 
were also established: άwet, freezeέ; άwet, non-freezeέ; άdry, freezeέ; and άwet, non-freeze.έ 
The regional contractors are responsible for collecting test and monitoring data, such as 
pavement distress, deflection, profile, and environmental conditions. Data pertaining to the 
inventory, maintenance, rehabilitation, and traffic associated with each pavement section in the 
LTPP database are collected at the state level and sent to the regional centers. Established 
guidelines ensure consistency among data collection. Regional centers rely on DOTs and 
Canadian provinces participating in the program to report information such as original 
construction date, location, previous rehabilitation activities, time and type of rehabilitation 
since induction into LTPP, as well as traffic data (19). Although this process presents the potential 
for errors in reporting, misreporting, or failure to report data, the LTPP dataset remains the most 
comprehensive, and consistent database for the performance of in-service pavements. Thus, for 
this analysis, data from the standard data release (SDR) 28 was utilized.  

Under the LTPP program, there are two classifications of experiments: the General Pavement 
Studies (GPS) and the Specific Pavement Studies (SPS). The GPS consist of a series of studies on 
existing pavements, whereas SPS include studies specifically designed to examine parameters 
related to construction, maintenance treatments, and rehabilitation activities (20). According to 
the User Guide, close to 800 existing in-service pavement sections were utilized for studies under 
the GPS classification, and nearly 1,700 pavement sections were constructed under the SPS 
classification. Each section is 500 feet in length and one lane wide. GPS sections were constructed 
and were in-service prior to the LTPP program, whereas SPS sections were constructed on 
existing routes as part of the LTPP program with specific objectives in mind. Therefore, there was 
more control over the features of AC and PCC pavements under the SPS program (20). 

The experiments under the classification of GPS are listed in Table 4.1. GPS experiments were 
based on a factorial design to incorporate the effect of environment, loading, and pavement 
factors; however, not all of the combinations of factors were represented due to the use of 
existing pavements (20). Pavement sections included in GPS-1 through GPS-5 experiments were 
existing in-service pavement sections constructed prior to acceptance into LTPP. The remaining 
GPS experiments included pavements that were either overlaid prior to entering the LTPP 
program or rehabilitated after being in the program and reclassified to a new GPS experiment. It 
is not directly stated, but it is inferred from the data collection guide for M&R that decisions 
regarding the timing of rehabilitation activities of the existing pavements were left to the DOTs 
and provinces, although agencies were required to report activities (21). Additionally, pavements 
included in the GPS experiments were restricted to pavement structures in common use across 
the U.S. and incorporated materials and pavement design representative of good engineering 
practices (20). Therefore, the actual service lives determined for the GPS experiments should be 
representative of practices across the United States and Canada.  
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Table 4.1 GPS Experiments (20) 

Experiment Experiment Title 

GPS-1 Asphalt Concrete (AC) Pavement on Granular Base 
GPS-2 AC Pavement on Bound Base 

GPS-3 Jointed Plain Concrete Pavement (JPCP) 

GPS-4 Jointed Reinforced Concrete Pavement (JRCP) 
GPS-5 Continuously Reinforced Concrete Pavement (CRCP) 

GPS-6 AC Overlay on AC Pavement 

GPS-6A Existing AC Overlay of AC Pavement (at the start of the program) 

GPS-6B AC Overlay Using Conventional Asphalt of AC Pavement ς No Milling 

GPS-6C AC Overlay Using Modified Asphalt of AC Pavement ς No Milling 
GPS-6D AC Overlay on Previously Overlaid AC pavement Using Conventional Asphalt 

GPS-6S AC Overlay of Milled AC Pavement Using Conventional or Modified Asphalt 

GPS-7 AC Overlay on PCC Pavement 

GPS-7A Existing AC Overlay on PCC Pavement 

GPS-7B AC Overlay Using Conventional Asphalt on PCC Pavement 
GPS-7C AC Overlay Using Modified Asphalt on PCC Pavement 

GPS-7D AC Overlay on Previously Overlaid PCC Pavement Using Conventional Asphalt 

GPS-7F AC Overlay Using Conventional or Modified Asphalt on Fractured PCC Pavement 

GPS-7R Concrete Pavement Restoration Treatments with No Overlay 

GPS-7S 
Second AC Overlay, Which Includes Milling or Geotextile Application, on PCC 
Pavement with Previous AC Overlay  

GPS-9 Unbonded PCC Overlay on PCC Pavement 
 
Table 4.2 lists SPS Experiments. These experiments were developed using factorial design, and 
there was more control over the experimental factors in the SPS experiments as either new 
pavements were constructed or specific maintenance or rehabilitation treatments were applied 
(20). To incorporate the different combinations of factors, SPS experiments required construction 
of multiple test sections at each site, unlike the GPS experiments. As shown in Table 4.2, the SPS 
experiments aimed to address structural factors, preventive maintenance treatments, 
rehabilitation treatments, environmental effects, and Superpave mix design and specifications.  
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Table 4.2 SPS Experiments (20) 

Category Experiment Experiment Title 

Pavement Structural Factors 
SPS-1 

Strategic Study of Structural Factors for Flexible 
Pavements 

SPS-2 
Strategic Study of Structural Factors for Rigid 
Pavements 

Pavement Maintenance 

SPS-3 
Preventive Maintenance Effectiveness of 
Flexible Pavements 

SPS-4 
Preventive Maintenance Effectiveness of Rigid 
Pavements 

Pavement Rehabilitation 

SPS-5 Rehabilitation of AC Pavements 

SPS-6 
Rehabilitation of Jointed Portland Cement 
Concrete (JPCC)* 

SPS-7 Bonded PCC Overlays of Concrete Pavements 

Environmental Effects SPS-8 
Study of Environmental Effects in the Absence 
of Heavy Loads  

Asphalt Aggregate Mixture 
Specifications 

SPS-9P 
Validation and Refinements of Superpave 
Asphalt Specifications and Mix Design Process 

SPS-9A Superpave Asphalt Binder Study 

SPS-9C AC Overlay on CRCP 
SPS-9J AC Overlay on JPCC 

SPS-9N New AC Pavement Construction 

SPS-9O AC Overlay on AC Pavement 

*Also referred to as Jointed Plain Concrete Pavement (JPCP) 

New pavement sections were constructed for the SPS-1 and SPS-2 experiments, designed to 
investigate structural factors associated with each pavement type. Both new and existing 
pavement sections were included in the SPS-8 experiment. With the exception of SPS-9N, the 
remaining experiments utilized existing pavements. The condition of existing pavement sections 
was taken into consideration to select pavements that fit the objectives of each experiment. As 
part of the SPS-5, 6, and 7 experiments focusing on rehabilitation, the intention was to include 
existing pavements in their first performance period with no previous rehabilitation that met an 
ŀƎŜƴŎȅΩǎ ǊŜƘŀōƛƭƛǘŀǘƛƻƴ ǊŜǉǳƛǊŜƳŜƴǘǎΣ ƻǊ ŀǎ ǎǘŀǘŜŘ ƛƴ ǘƘŜ ƴƻƳƛƴŀǘƛƻƴ ƎǳƛŘŜƭƛƴŜǎ ŦƻǊ ŜŀŎƘΣ ǿŜǊŜ 
άǇŀǊǘ ƻŦ ŀƴ ŀƎŜƴŎȅΩǎ ǇƭŀƴƴŜŘ ǊŜƘŀōƛƭƛǘŀǘƛƻƴ ǇǊƻƎǊŀƳέ ό22-24). Although not explicitly stated in 
the SPS-9A nomination guidelines, it is believed that pavements for which rehabilitation was 
already planned were also sought for the SPS-9A experiments, which aimed to study AC overlays 
on existing CRCP, JPCC, or AC pavements. Another condition for nomination to these six SPS 
studies was that the existing pavements exhibited pavement distress typical of the distresses 
experienced in that agency (22-25). Therefore, the timing at which the first rehabilitation was 
applied should be representative of typical distresses and agency practices. 
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4.1 Types of Rehabilitation Activities Considered 

Once the data source was identified, the next step was to identify the types of rehabilitation 
activities to be considered for determining the actual initial service lives of flexible and rigid 
pavements. The LTPP Information Management System User Guide identifies the types of 
improvement activities considered and whether they are categorized as maintenance or 
rehabilitation activities (20). Maintenance activities are included in the maintenance module and 
ƛƴŎƭǳŘŜ ƛƳǇǊƻǾŜƳŜƴǘ ŀŎǘƛǾƛǘƛŜǎ ǘƘŀǘ ŎŀǳǎŜ άƴƻ ǎƛƎƴƛŦƛŎŀƴǘ ǇŀǾŜƳŜƴǘ ǎǘǊǳŎǘǳǊŜ ŎƘŀƴƎŜ.έ !ŎŎƻǊŘƛƴƎ 
to the document, major improvements such as overlay, shoulder replacement, joint repair, 
resurfacing, reconstruction, and the addition of lanes are included in the rehabilitation module. 
The types of improvements that may be contained in the rehabilitation module are listed in Table 
4.3.  

Table 4.3 Rehabilitation Activities Assigned in LTPP Database (20) 

Code Type of Improvement 
8 PCC Shoulder Restoration 

9 PCC Shoulder Replacement 

10 AC Shoulder Restoration 
11 AC Shoulder Replacement 

14 Pressure Grout Subsealing 
16 Asphalt Subsealing 

19 Asphalt Concrete Overlay 
20 Portland Cement Concrete Overlay 

38 Longitudinal Subdrainage 

39 Transverse Subdrainage 

40 Drainage Blankets 

41 Well System 
42 Drainage Blankets with Longitudinal Drains 

43 Hot-Mix Recycled AC 

44 Cold-Mix Recycled AC 

45 Heater Scarification, Surface Recycled Asphalt Concrete 

46 Crack-and-Seat PCC Pavement + AC Surface 
47 Crack-and-Seat PCC Pavement + PCC Surface 

48 Recycled PCC 

49 Pressure Relief Joints in PCC Pavements 

50 Joint Load-Transfer Restoration in PCC 

51 Mill Off AC and Overlay with AC 
52 Mill Off AC and Overlay with PCC 

53 Other 

55 Mill Existing Pavement and Overlay with Hot-Mix AC 
56 Mill Existing Pavement and Overlay with Cold-Mix AC 
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Using the information obtained through previous surveys, the questionnaire issued for this study 
regarding the types of major rehabilitation activities considered in DOT LCCA procedures, and the 
rehabilitation activities listed in the LTPP Information Management System User Guide (20), a list 
of rehabilitation activities was developed for use in this investigation. Listed in Table 4.4 is the 
LTPP code for improvement type, a description of the activity, and the pavement type to which 
it is applied. Table 4.3 was used as a basis for creating a list of rehabilitation activities to be 
considered; however, activities pertaining to the shoulder, such as restoration or replacement, 
were removed to maintain focus on rehabilitation of the mainline. Activities related to drainage 
ŀǎ ǿŜƭƭ ŀǎ άtǊŜǎǎǳǊŜ wŜƭƛŜŦ Wƻƛƴǘǎ ƛƴ t// tŀǾŜƳŜƴǘǎέ ǿŜǊŜ ƴƻǘ ƛŘŜƴǘƛŦƛŜŘ ƛƴ ǘƘŜ ǊŜƘŀōƛƭƛǘŀǘƛƻƴ 
activities listed by DOTs in their previous survey responses and the questionnaire summarized in 
this report; therefore, activities 38 through 41 and 49 were not included in the list for this 
ƛƴǾŜǎǘƛƎŀǘƛƻƴΦ [ŀǎǘƭȅΣ ƛƳǇǊƻǾŜƳŜƴǘ ǘȅǇŜ ŎƻŘŜ роΣ ŘŜǎŎǊƛōŜŘ ōȅ άƻǘƘŜǊ,έ ǿŀǎ ƴƻǘ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ 
list, as it is unclear what activity was conducted, and this code represented a very small portion 
of the entire database. Two activities, slab replacement, and diamond grinding, were commonly 
mentioned in DOT responses for the types of rehabilitation considered for rigid pavements. 
Although these activities are listed as maintenance activities in the LTPP database, they are 
included here as rehabilitation activities based on DOT responses to the NCAT-issued 
questionnaire. While activity code 12 can be applied to either pavement type (flexible or rigid), 
care was taken to identify grinding on PCC pavements only, to be consistent with the practices 
reported by DOTs.  

Table 4.4 LTPP Rehabilitation Types Considered for Time to First Rehabilitation 

Code Rehabilitation Type 
Existing 
Pavement Type 

7 PCC Slab Replacement (sq. yards) PCC 

12 Grinding surface (sq. yards)  PCC 
14 Pressure Grout Subsealing (no. of holes) PCC 

16 Asphalt Subsealing (no. of holes) AC 

19 Asphalt Concrete Overlay (sq. yards) AC/PCC 

20 Portland Cement Concrete Overlay (sq. yards) AC/PCC 

43 Hot-Mix Recycled Asphalt Concrete (overlay) (sq. yards) AC/PCC 
44 Cold-Mix Recycled Asphalt Concrete (overlay) (sq. yards) AC/PCC 

45 Heater Scarification, Surface Recycled Asphalt Concrete (sq. yards) AC 

46 
Fracture Treatment (crack-and-seat) of PCC Pavement as Base for 
New AC Surface (sq. yards) 

PCC 

47 
Fracture Treatment (crack-and-seat) of PCC Pavement as Base for 
New PCC Surface (sq. yards) 

PCC 

48 Recycled Portland Cement Concrete (overlay) (sq. yards) PCC 

50 Joint Load Transfer Restoration in PCC Pavements (linear feet) PCC 
51 Mill Off AC and Overlay with AC (sq. yards) AC 

52 Mill Off AC and Overlay with PCC (sq. yards) AC 

55 Mill Existing Pavement and Overlay with Hot-Mix Recycled AC AC/PCC 

56 Mill Existing Pavement and Overlay with Cold-Mix Recycled AC AC/PCC 
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For this analysis, pavement sections included in LTPP experiments across the U.S. (including 
Puerto Rico) and Canada were utilized. Using the rehabilitation activities listed above, the date 
associated with the first occurrence of one or more of the above rehabilitation activities was 
identified. At the time of inception of the LTPP program, the GPS pavements sections were 
already in-service; therefore, it is important to consider the date of original construction rather 
than the date it was assigned to the LTPP program. Using the data compilation view module, the 
original construction date was identified from the SECTION_STRUCTURE_HISTORY table. This 
table provides a timeline of activities for each pavement section and pulls information from 
various sources. In doing so, the construction dates for new pavements constructed as part of 
the Specific Pavement Studies (SPS) experiments are also included. Although some sections were 
newly constructed after their acceptance into LTPP, many were already in-service; therefore, it 
is also important to identify any sections that previously received rehabilitation. The 
INV_MAJOR_IMP table from the inventory module was utilized to identify pavement sections 
that had received one of the rehabilitation activities listed in Table 4.4 prior to acceptance into 
the LTPP program and the date of that activity. Since the age of the pavement at the time of the 
first rehabilitation was sought, any pavement sections that had received rehabilitation prior to 
being accepted into the LTPP program were removed from the dataset. Once removed, the age 
of the pavement at the time of the first rehabilitation was determined from the original 
construction date and date of the first rehabilitation. While every effort was made to work with 
unbiased, accurate data, information including types and dates of previous rehabilitation 
activities were reported by DOTs and Canadian provinces to the LTPP regional centers. While this 
process creates the potential that activities were not reported, or mis-reported, this type of error 
can exist in any dataset. 

The following subsections explore the actual time to first rehabilitation for each pavement type 
as well as specific experiments conducted as part of the LTPP program, region, and climatic zone.  

4.2 Determining Time to First Major Rehabilitation by LTPP Experiment 

To better understand the experiments that are useful in meeting the objectives of this study, it 
is necessary to understand how events are tracked and how these events relate to the 
experiment numbers to which they are assigned. Once an experiment is entered into the LTPP 
program, it is assigned a construction number (CN) of 1. The CN serves to account for each event 
occurring on a section during the time it is in the program. The CN is increased incrementally with 
each event, and an event is the occurrence of a maintenance or rehabilitation activity or 
combination of activities. Depending on the type of activity, such an event can result in an 
experiment being reclassified under another study. For example, a pavement section that 
entered the program in the GPS-1 experiment (AC Pavement on Granular Base) could be 
reclassified as a section in the GPS-6B experiment (AC Overlay Using Conventional Asphalt of AC 
Pavement ς No Milling) once the pavement has been rehabilitated with a conventional AC overlay 
with no milling (26). A pavement originally assigned to an SPS experiment can also be reclassified 
to a GPS experiment depending on the type of event that initiated the change in the CN. GPS-6B, 
GPS-6C, GPS-6D, GPS-6S, as well as GPS-7B, GPS-7C, GPS-7D, GPS-7F, GPS-7R, and GPS-7S are 
experiments that were initially entered into the program under a different experiment and were 
reclassified after receiving some type of overlay or concrete pavement restoration treatment. 
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For SPS experiments, which study maintenance and rehabilitation treatments (such as SPS-3, SPS-
4, SPS-5, SPS-6, SPS-7, or SPS-9C, SPS-9J, or SPS-9O), pavement sections are first entered into the 
LTPP program, at which point they are assigned a CN of 1. Then, when the study treatment is 
applied, a new CN is assigned without reclassification of the experiment. For this study, the 
original experiment to which a pavement section was first assigned is of interest.  

4.2.1 Actual Initial Service Life of GPS Experiments 

Experiments GPS-6A, GPS-7A, and GPS-9 feature pavements that had received an overlay prior 
to the start of the experiment, and therefore, had already received a rehabilitation treatment. 
For that reason, only experiments GPS-1 through GPS-5 were explored for this study. As noted 
earlier, pavements considered in the GPS experiments were restricted to pavement structures in 
common use and representative of good engineering practices in terms of pavement design and 
pavement materials (20). The time of rehabilitation was decided upon by the agency itself, so the 
calculated time to first rehabilitation should also be representative of actual practices; by 
including pavements from across the U.S. and Canada, bias to one method is minimized.  

The activities listed in Table 4.4 were used to determine the timing of the first rehabilitation. In 
some cases, one or more of those activities were constructed as part of the first rehabilitation. 
Additionally, maintenance activities were commonly performed in conjunction with the 
rehabilitation activities. For AC pavements in the GPS-1 (on granular base) experiment, the types 
of activities included in the first rehabilitation were AC overlay (code 19), hot-mix recycled AC 
overlay (code 43), mill existing AC and overlay with AC (code 51), and mill existing AC and overlay 
with hot-mix recycled AC (code 55). For pavements in the GPS-2 experiment, AC atop bound base 
stabilized with bituminous or non-bituminous (pozzolans, PCC, lime, etc.) binders (20), the same 
rehabilitation activities applied to AC pavements in the GPS-1 experiment were also used for GPS-
2 pavements. The first rehabilitation activities associated with JPCP in the GPS-3 experiment 
included PCC slab replacement (code 7), grinding surface (code 12), AC overlay, hot-mix recycled 
AC overlay, fracture treatment (crack-and-seat) of PCC pavement as base for new AC surface 
(code 46), and joint load restoration (code 50). The same rehabilitation activities were also 
associated with JRCP and CRCP pavements in the first rehabilitation activity, with the exception 
of fracture treatments on JRCP. Although surface grinding was the most common first 
rehabilitation activity for JPCP pavements, AC overlays were the most common for JRCP and CRCP 
pavements.  

The average, minimum, maximum, standard deviation, and coefficient of variation of the time to 
first rehabilitation was determined for each GPS experiment, as tabulated in Table 4.5. 
Experiments GPS-1 and GPS-2 pertain to AC pavements and the corresponding experiments for 
PCC pavements are experiments GPS-3, GPS-4, and GPS-5.  
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Table 4.5 Summary of Actual Service Life of LTPP Sections 

Exp No. Pavement Type No. 
Age at First Rehabilitation, Yrs Coefficient 

of Variation Avg Min Max Std Dev 

Surface Type: AC 

GPS-1 AC on Granular Base 122 18.0 0.1 31.9 6.47 36.0% 

GPS-2 AC on Bound Base 83 16.9 5.3 41.1 6.90 40.8% 

Surface Type: PCC 

GPS-3 JPCP 46 23.7 6.9 38.5 7.35 31.1% 

GPS-4 JRCP 28 23.1 1.1 35.4 7.04 30.5% 

GPS-5 CRCP 30 23.7 2.2 42.4 7.93 33.5% 

There is a notable difference between the average age at first rehabilitation for GPS AC 
experiments and GPS PCC experiments. The average service life for AC pavements on granular 
base (GPS-1) and AC pavements on bound base (GPS-2) are 18.0 and 16.9 years, respectively. The 
average service life for JPCP (GPS-3), JRCP (GPS-4), and CRCP (GPS-5) pavements range between 
23 and 23.7 years. Although differences are observed between AC and PCC pavements, little 
difference was observed among the pavement categories within each pavement type. The 
average time to first rehabilitation for AC pavements on granular base (GPS-1) and AC pavements 
on bound base (GPS-2) differ by only one year. Similarly, the average time to first rehabilitation 
for JPCP, JRCP, and CRCP pavements differed by less than a year. The average initial service lives 
for the AC pavements on granular base (GPS-1) and AC pavements on bound base (GPS-2) 
experiments are greater than the 10 to 15 years for AC pavements, which agencies most 
frequently reported for the initial service life considered in LCCA, as shown in Table 2.1 (6, 7). 
However, the actual initial service life for the JPCP (GPS-3), JRCP (GPS-4), and CRCP pavements 
(GPS-5) fall within the range of 20 to 25 years for initial service life of PCC pavements used in 
LCCA, also shown in Table 2.1. 

The minimum time to first rehabilitation was found to be 0.1 years, or just less than one month. 
Minimum values for JRCP (GPS-4) and CRCP (GPS-5) pavements were only slightly larger, at 1.1 
and 2.2 years. These values are likely outliers. As discussed previously, there are limitations in 
the data for experiments that used existing pavement sections, as the date of original 
construction (or last reconstruction) and any previous rehabilitation activities were left to the 
DOTs to report to the regional LTPP contractors. While the data were filtered to exclude sections 
that reported rehabilitation dates earlier than the reported original construction dates, it is 
difficult to sort out erroneous data from accurate data. Additional evaluations completed in this 
study and documented later in this report will attempt to account for and remove possible 
outliers such as these.  

On the other end of the spectrum, the maximum times to first rehabilitation observed in these 
GPS experiments were all greater than thirty years. The highest service lives were found to be 41 
and 42 years for AC pavements with a bound base (GPS-2) and CRCP (GPS-5) pavements, 
respectively. These values could also be outliers.  
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The coefficients of variation, calculated as the ratio of the standard deviation to the mean, were 
found to be greater than 30% for all of the experiments. The most variable experiment in terms 
of time to first rehabilitation was the experiment for AC pavements on bound base with a 
calculated coefficient of variation of 40.8%. Some variation is expected, as these data included 
the time to first rehabilitation for pavements from across the U.S. and Canada, which includes all 
four climatic regions, various functional classifications, and agency-specific materials.  

4.2.2 Actual Initial Service Life of SPS Experiments 

SPS experiments required multiple 500-foot test sections at a site to enable the investigation of 
the various combinations of factors. The number of test sections included in the core experiment 
ranged from as few as two to as many as twelve at a site. DOTs and some Canadian provinces 
built additional sections, referred to as supplemental sections, to investigate other factors 
specific to their agency. Table 4.6 lists the number of sites with pavement sections that met the 
criteria for this analysis (i.e., no prior rehabilitation and first rehabilitation defined by activities in 
Table 4.4). The number of rehabilitated sections that were part of the core experiment and those 
that were considered supplemental are also listed in the table. No pavements included in the 
SPS-8 experiment (study of environmental effects in the absence of heavy loads) met the criteria 
established in this report; and therefore, Experiment SPS-8 is excluded from the analysis 
conducted herein. 

SPS-3 and SPS-4 experiments were designed to evaluate the performance of various preventive 
maintenance treatments on existing AC and PCC pavement sections (respectively). Although 
some SPS-3 pavement sections received an overlay, the overlay was a thin overlay, which was 
considered a preventive maintenance treatment as part of the experimental design. Therefore, 
SPS-3 sections were excluded from this analysis. The complement to this experiment, SPS-4 
preventive maintenance for rigid pavements, was also excluded.  

Table 4.6 Number of Rehabilitated Sections, SPS Experiments 

Exp No. 
Surface 

Type 
Existing/New 

Pavement Sections 
No. of Sites with 
Rehabilitation 

No. of Rehabilitated Sections 

Total Core Supplemental 

SPS-1 AC New 7 71 69 2 
SPS-5 AC Existing 17 186 139 47 

SPS-9O AC Existing 7 36 20 16 
SPS-9N AC New 3 8 8 0 

SPS-2 PCC New 8 18 14 4 

SPS-6 PCC Existing 14 158 101 57 
SPS-7 PCC Existing 4 36 32 4 

SPS-9C PCC Existing 2 7 5 2 
SPS-9J PCC Existing 6 38 18 20 

 
Strategic studies of structural factors for flexible (SPS-1) and rigid (SPS-2) pavements included 
new construction, where structural factors such as layer thickness, base type, base thickness, and 
the use of drainage layers were varied (20). Four rehabilitation treatments were associated with 
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the AC pavements in the SPS-1 experiment, which included two types of AC overlay, conventional 
and hot-mix recycled AC overlay, and mill and overlay with either AC or hot-mix recycled AC 
overlay, represented by activity codes 19, 43, 51, and 55. Only two rehabilitation treatments, PCC 
slab replacement and grinding surface, activity codes 7 and 12, respectively, were associated with 
the pavement sections in the SPS-2 experiment. The age of the pavements at the time of the first 
application of these rehabilitation treatments was determined for each pavement section within 
each experiment.  

Histograms and cumulative distributions of the initial service lives for pavement sections in the 
SPS-1 (AC pavements) and SPS-2 (PCC pavements) experiments are plotted in Figures 4.1 and 4.2, 
respectively. PCC pavements were most frequently rehabilitated between three and six years. 
The majority of the AC pavement sections constructed were in service for three to twelve years 
before the first rehabilitation treatment was applied. These values are lower than the most 
commonly reported values used for service life in LCCA from earlier surveys of 10 to 15 years for 
AC pavements and 20 to 25 years for rigid pavements, as shown in Table 2.1 (6, 7). More 
surprising is the frequency of pavement sections that were rehabilitated less than three years 
after construction.  

The differences in actual initial service life of the SPS-1 and SPS-2 experiments compared to initial 
service life commonly used by agencies could be attributed to the experimental design, age of 
the pavements, and the rehabilitation types. AC pavements included in the SPS-1 and PCC 
pavements included in the SPS-2 experiments were newly constructed or reconstructed to 
explore a number of structural factors, and as such, it is expected that varying structural factors 
will impact performance on either end of the spectrum, as some of the sections may feature 
pavement designs that are not adequate to accommodate traffic loadings, leading to early 
failures, while others may be overdesigned, resulting in extended service lives. Because the 
rehabilitation treatment is driven by performance, the experimental design would also impact 
the timing and treatment an agency chose to apply. Moreover, the construction date for 
pavement sections in SPS-1 (AC pavements) ranged from 1992 to 1998 and 1992 to as late as 
2000 for SPS-2 (PCC pavements). Therefore, it is possible that the younger pavement sections 
have not yet needed rehabilitation.  
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Figure 4.1 Distribution of Time to First Rehabilitation for AC Pavements in SPS-1 Experiment 

 

Figure 4.2 Distribution of Time to First Rehabilitation for PCC Pavements in SPS-2 Experiment 

Given the large number (71) of AC pavement sections rehabilitated in the SPS-1 experiment, it 
would be expected that the distribution of actual service life would be normal. However, as 
shown in Figure 4.1, this is not the case. As noted above, multiple sections that varied by one or 
more structural factors were constructed at a site. The timing of rehabilitation was at the 
discretion of the agency. Therefore, it is likely that when one 500-foot section along the route 
required rehabilitation, all sections at the site were addressed for ease of construction. To 
explore this notion, the average time to first rehabilitation was determined for each site. 

Tables 4.7 and 4.8 summarize the actual initial service life among the pavement sections at each 
site, described by the Site ID (the state code and first two digits of the SHRP ID), for the SPS-1 and 
SPS-2 experiments, respectively. Although there were 71 AC pavement sections in the SPS-1 
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experiment that received rehabilitation, these sections represent just 7 sites. Far fewer PCC 
pavement sections in the SPS-2 experiment were rehabilitated: only 18 sections at 8 sites.  

Reading across the table reveals the average, minimum, maximum, and standard deviation for 
the time to first rehabilitation among the pavement sections at one site. Where the standard 
deviation is zero, or the minimum and maximum are equivalent to the average, all pavement 
sections at that site were rehabilitated at the same time. For example, Site 20-01 consisted of 
ten pavement sections that were rehabilitated. The same date of rehabilitation was reported for 
all ten pavement sections, as evident by the equivalent minimum and maximum values and 
standard deviation of zero. For site 48-01, the average time to first rehabilitation for the 20 
sections at that site was 5.10 years, the earliest a section was rehabilitated was 4.8 years, the 
latest was 9.8 years, and the standard deviation for all 20 sections at this site was just 1.1 years. 
At the bottom of the table, the average, minimum, maximum, and standard deviation of the time 
to first rehabilitation was determined from the average time to rehabilitation for each site. 

Table 4.7 Summary Statistics of Time to First Rehabilitation for AC Pavements in SPS-1 
Experiment 

Site ID 
Statistics for Time to First Rehabilitation (Years) of Sections 

No. of Sections Average Minimum Maximum Std Dev 

10-01 14 0.4 0.4 0.4 0 

19-01 1 1.0 N/A N/A N/A 

20-01 10 7.9 7.9 7.9 0 

26-01 9 7.2 7.2 7.2 0 

39-01 5 14.9 11.6 16.6 2.05 

48-01 20 5.1 4.8 9.8 1.10 

51-01 12 15.7 15.7 15.7 0 

Summary for Sites 7 7.5 0.4 15.7 6.05 

Table 4.8 Summary of Time to First Rehabilitation for PCC Pavements in SPS-2 Experiment 

Site ID 
Statistics for Time to First Rehabilitation (Years) of Sections 

No. of Sections Average Minimum Maximum Std Dev 

10-02 8 4.1 4.1 4.1 0 

19-02 1 10.8 N/A N/A N/A 

20-02 2 11.1 3.4 18.9 N/A 

26-02 1 8.6 N/A N/A N/A 

38-02 2 15.7 14.8 16.5 N/A 

4-02 1 14.4 14.4 14.4 N/A 

55-02 2 6.1 2.6 9.6 N/A 

6-02 1 4.0 N/A N/A N/A 

Summary for Sites 8 9.4 4.0 15.7 4.44 
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As shown in Table 4.7, AC pavement sections at more than half of the SPS-1 sites were 
rehabilitated at the same time despite the varying structural factors associated with each section. 
Some of these sections were rehabilitated very early in their life. For example, all fourteen of the 
SPS-1 AC pavement sections that received rehabilitation at a site in Delaware (Site ID 10-01) were 
done so at the same time, just months after construction was completed. Although site 48-01 
has a standard deviation of 1.1 years for the 20 AC pavement sections, all but one section was 
rehabilitated 4.8 years after construction. Only at one site in the SPS-1 experiment, Site 39-01, 
were all pavement sections at a site rehabilitated at different times. Determining the average 
time to first rehabilitation based on each pavement section is biased toward sites with the most 
sections. It is difficult to tell from the pavement distress information available on infopave.com 
(the online database application program for the LTPP program) how many sections at one site 
exhibited early distresses that truly necessitated rehabilitation. Based on the number of sections 
at each site in the SPS-1 experiment that received rehabilitation at the same time despite varying 
AC pavement cross-sections, it can be concluded that the timing of rehabilitation of these 
sections is not representative of the performance of these AC pavements or of agency practices. 

In contrast, rehabilitations of PCC pavement sections in the SPS-2 experiment were mostly 
conducted for individual sections rather than multiple sections at a site. As shown in Table 4.8, 
those sites for which more than one section was rehabilitated were done so at different times 
(evident by the minimum and maximum values), with the exception of site 10-02. This could be 
due to the rehabilitation treatments selected. Slab replacement and grinding were the only 
rehabilitation treatments applied for the SPS-2 sections, which are more conducive to short 
sections as opposed to AC overlays. The time to first rehabilitation for these PCC pavement 
sections ranged from 2.6 to 18.9 years. At one site alone, the time to first rehabilitation among 
the PCC pavement sections ranged from 3.4 to 18.9 years. This wide range accounts for the 
variation in structural factors investigated as part of the SPS-2 experiment. As discussed 
previously, layer thickness, base type, base thickness, and the use of drainage layers were varied 
among the sections at each site. Therefore, it is expected that the performance, and thus, the 
need (and timing) for rehabilitation would vary as well. Based on the rehabilitation of individual 
PCC pavement sections, the timing to first rehabilitation of sections in the SPS-2 experiment is 
more representative of actual practices. However, the average time to first rehabilitation for the 
18 pavement sections listed in Table 4.8 is biased toward site 10-02, in which 8 pavement sections 
with varying structural factors were rehabilitated at the same time. In the interest of 
understanding the time of first rehabilitation, these 8 sections represent the timing to first 
rehabilitation for only one pavement. In evaluating it in this manner, the average time to first 
rehabilitation for the 11 PCC pavement sections in the SPS-2 experiment was 9.8 years. Although 
the timing at which these pavements were rehabilitated may be representative of actual 
practices, the pavement cross-sections themselves may not have been representative of typical 
PCC designs, as structural factors were varied among the multiple sections at each site. This also 
holds true for the SPS-1 AC pavements, which also explored variations in structural factors. For 
these reasons, experiments SPS-1 and SPS-2 were excluded from further analysis.  

Existing AC and PCC pavement sections were utilized in the SPS-5 and SPS-6 experiments, 
respectively, which evaluated rehabilitation treatments and combination of treatments. Existing 
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jointed PCC pavements included in the SPS-7 experiment (bonded PCC overlay of concrete 
pavements) received one of eight combinations of bonded concrete treatments (20). 
Experiments SPS-9C, SPS-9J, and SPS-9O evaluated AC overlays on existing CRCP, JPCC, and AC 
pavements, respectively. Based on the nomination criteria, the timing at which the first 
rehabilitation was applied in the LTPP dataset ǎƘƻǳƭŘ ōŜ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ƻŦ ŀƎŜƴŎƛŜǎΩ ǇǊŀŎǘƛŎŜǎ ŀƴŘ 
typical distresses associated with rehabilitation.  

AC pavements included in the SPS-9N experiment were newly constructed or reconstructed to 
examine aspects of implementing Superpave mix design. It is unclear how much mix designs were 
varied and the possible impact on performance, and therefore, timing of rehabilitation. For this 
reason, SPS-9N was excluded from further analysis. 

Although strategic studies of structural factors for flexible (SPS-1) and rigid (SPS-2) pavements 
were excluded, they served to illustrate the importance of evaluating SPS experiments by 
pavement site rather than individual pavement sections. This is especially important when 
conducting the analysis for actual service life of existing pavements that were included in the 
rehabilitation experiments (SPS-5, SPS-6, and SPS-7) and Superpave overlay experiments, SPS-
9O, SPS-9C, and SPS-9J. These experiments featured various sites across the country. Although 
each site consisted of multiple existing pavement sections, those sections consisted of the same 
pavement, and therefore, had equal or similar cross-sections (minor geospatial variations due to 
construction are expected), distress, and construction history. While the multiple sections at a 
site were used to evaluate various rehabilitation treatments, the intent of this study is to 
understand the time at which the first rehabilitation was applied. Given that these multiple test 
sections at a site are the same roadway and cross-section, considering the actual service life of 
these sections would create bias towards sites with more sections, as they were typically 
rehabilitated at the same time or within the same timeframe. Therefore, the average time to first 
rehabilitation was determined for a site. Table 4.9 shows the average time among the sites within 
an experiment. The minimum, maximum, and standard deviation of the time to first 
rehabilitation among the sites in each experiment are also reported in Table 4.9. The time to first 
rehabilitation among the pavement sections at each site within each experiment, as shown for 
SPS-1 and SPS-2 experiments earlier, are tabulated in Appendix J.  

Table 4.9 Summary of Time to First Rehabilitation, SPS Experiments with Existing Pavements 

Exp. No. Surface Type No. of Sites 
Age at First Rehabilitation, Years 

Avg Min Max Std. Dev. 

SPS-5 AC 17 19.6 9.0 31.3 5.48 

SPS-9O AC 7 25.0 6.0 33.2 10.01 

SPS-6 PCC 14 24.8 17.2 32.0 5.55 

SPS-7 PCC 4 23.2 12.9 34.8 9.20 

SPS-9C PCC 2 22.9 21.8 22.8 N/A 

SPS-9J PCC 6 28.2 23.0 39.6 6.41 

The average time to the first rehabilitation was slightly higher for the AC pavements in the SPS-5 
(rehabilitation of AC pavements) and SPS-9O (AC overlay on AC pavement) experiments than 
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results found in the GPS-1 (AC on granular base) and GPS-2 (AC on bound base) experiments, as 
shown in Table 4.5. The highest average time to first rehabilitation was approximately 25 years 
for pavement sites in the SPS-9O experiment, a service life that extends seven years beyond the 
average service life for the GPS-1 experiment (AC pavement on granular base). It should be noted 
that there are much fewer data from which the average time to first rehabilitation was 
determined for the AC and PCC pavements in the SPS experiments, as shown in Table 4.9. On the 
other hand, the average time to the first rehabilitation for PCC pavements in SPS experiments 
conducted on existing pavement sections was more consistent with the times for the GPS-3 
(JPCP), GPS-4 (JRCP), and GPS-5 (CRCP) experiments, as shown in Table 4.5.  

4.3 Determining Time to First Major Rehabilitation by Pavement Type 

To examine the time to first rehabilitation based on the original surface type, experiments with 
like surface type were combined based on the evaluation completed above for each experiment. 
Given the limitations associated with newly constructed pavements as part of LTPP, only the 
experiments conducted on existing pavements were included. For AC pavements, the times to 
first rehabilitation for the pavement sections from GPS-1 (on granular base) and GPS-2 (on bound 
base) experiments were combined with the times to first rehabilitation for AC pavement sites 
from the SPS-5 (rehabilitation of AC pavements) and SPS-9O (AC overlay on AC pavement) 
experiments. Similarly, for PCC pavements, the times to first rehabilitation for the pavement 
sections from GPS-3 (JPCP), GPS-4 (JRCP), and GPS-5 (CRCP) experiments were combined with 
the times to the first rehabilitation for pavement sites from the SPS-6 (rehabilitation of JPCP), 
SPS-7 (bonded PCC overlay of concrete pavements), SPS-9C (AC overlay on CRCP), and SPS-9J (AC 
overlay on JPCP) experiments. The distribution of the time to first rehabilitation was plotted for 
each pavement type in Figures 4.3 and 4.4. Distributions for both AC and PCC pavements, as 
shown in Figures 4.3 and 4.4, respectively, appear to be normal. The distributions represent the 
time to first rehabilitation for existing pavements across the U.S. and Canada. As such, the 
distributions include varying state and provincial practices, mix designs, and materials; varying 
climatic regions; and functional classifications. Therefore, it is expected that some distribution of 
the data would exist. The largest number of AC pavements (48 of 229) indicate a period between 
15 and 18 years to first rehabilitation. The distribution of the PCC pavements was fairly uniform 
between 15 and 30 years, and does not display a definitive peak. The 50th percentile of the 
cumulative distribution is at a time of rehabilitation between 21 and 24 years, which is the center 
of this uniform period.  
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Figure 4.3 AC Pavements, Distribution of Time to First Rehabilitation 

 
Figure 4.4 PCC Pavements, Distribution of Time to First Rehabilitation 

Table 4.10 summarizes the statistics computed by Microsoft Excel for the time to first 
rehabilitation (actual initial service life) for each pavement type. The average time to first 
rehabilitation for AC pavements was found to be 17.93 years, with 95% confidence that the mean 
falls between 17.05 and 18.82 years. On average, the time to first rehabilitation for PCC 
pavements was found to be 23.84 years. The time to first rehabilitation for PCC pavements was 
slightly more variable, resulting in a wider 95% confidence interval of 22.60 to 25.08 years. The 
actual initial service life for AC pavements is slightly positively skewed; as such, the median value 
of 17.14 years is less than the mean. Opposite of this, the PCC pavements had a median time to 
first rehabilitation of 23.90 years, slightly larger than the mean time, and therefore had a negative 
skew. The minimum and maximum values were very similar among the two pavement types; 
however, as noted previously, the minimum values are unrealistic and are likely outliers. The 
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coefficient of variation computed as the ratio of the standard deviation to the mean was higher 
for AC pavements (37.9%) than for PCC pavements (30.0%).  

Table 4.10 Descriptive Stastitics for Time to First Rehabilitation 

Statistic AC PCC 

Mean 17.93 23.84 

Standard Error 0.45 0.63 

Median 17.14 23.90 

Mode 21.22 21.91 

Standard Deviation 6.80 7.16 

Sample Variance 46.21 51.20 

Kurtosis (Excess) -0.15 0.44 

Skewness 0.24 -0.21 

Range 41.04 41.32 

Minimum 0.07 1.12 

Maximum 41.11 42.44 

Sum 4106.07 3099.06 

Confidence Level (95%) 0.89 1.24 

Count 229 130 

As noted previously, reporting errors may exist by using LTPP experiments conducted on existing 
pavements. This may account, in part, for the wide ranges in the time to first rehabilitation and 
the very short service lives, which are the minimum values found for each pavement. Despite the 
wide ranges, there are not a significant number of pavement sections on either end of the 
distribution, as evident in Figures 4.3 and 4.4. To guard against possible erroneous values, the 
data could be limited to the middle 90% of the distribution. Assuming a normal distribution for 
each pavement type, the upper and lower boundaries for the middle 90% are determined by the 

equations below, where s is the standard deviation and m is the mean. This results in lower and 
upper boundaries of 6.71 and 29.15 years for AC pavements and 12.03 years and 35.64 years for 
the PCC pavements. The data outside of these boundaries were removed and the average, 
minimum, and maximum pavement ages at the time of first rehabilitation were determined for 
the data in the middle 90% of each pavement type. These values are summarized in Table 4.11. 
While (in theory) the mean value remains the same, as the normal distribution is assumed to be 
symmetrical about the mean, in practice, the mean may shift slightly depending on how much 
the distribution is skewed positive or negative. In the case of the AC pavements, the mean time 
to first rehabilitation decreased slightly to 17.68 years; however, the mean remained the same 
for PCC pavements.  

Lower Boundary = -1.65s + m 

Upper Boundary = 1.65s + m 
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Table 4.11 Summary of Middle 90% of Pavement Ages at Time of First Rehabilitation 

Pavement Type No. Avg Min Max Std Dev 

AC  206 17.7 7.1 28.9 5.51 
PCC 121 23.8 12.9 35.4 5.79 

Although pavement sections as part of the LTPP experiments considered herein included the U.S. 
and Canada, the majority of the pavements (188 of 206 AC pavements and 117 of 121 PCC 
pavements) were in the U.S. Therefore, it is reasonable to consider the values shown in Table 
4.11 as those representative of practices across the U.S. However, because DOT practices can 
vary, the national averages for time of first rehabilitation may not reflect the averages in a 
particular state. Previous studies have examined the historical time to first rehabilitation for 
individual states. Minnesota DOT completed a study in 2003 in which their pavement 
management database was used to determine the average and median ages of AC pavements at 
the first overlay and of jointed concrete pavements at the first joint repair (11). Both the average 
and median ages reported for AC pavements were 19 years, slightly longer than the average and 
median times found here for pavements all across the U.S. and parts of Canada. Minnesota DOT 
reported that joint repairs historically occurred, on average, at 18 years, while the median age 
was 15 years. Researchers examined the age that non-doweled concrete pavements were 
historically rehabilitated in Georgia, reporting an average age of 17 years and minimum and 
maximums of 10 and 29 years, respectively (12). Ages when PCC pavements have been 
historically rehabilitated in both Minnesota and Georgia are much lower than the mean and 
median ages for the PCC pavements in the LTPP experiments evaluated here. However, these 
values for Georgia and Minnesota are just two examples of historical pavement age at the time 
of first rehabilitation for AC and PCC pavements. 

The 2003 Minnesota DOT study determined the historical time of first rehabilitation as a basis for 
developing estimates for initial service life in LCCA (11). As reported in Section 2, many agencies 
have or continue to use historical values to estimate initial service life estimates for LCCA. In 
comparing earlier responses to the 2007 Mississippi DOT survey and surveys issued for the study 
conducted for South Carolina DOT shown in Table 2.1 (6, 7), the majority of DOTs reported a 
value for initial service life in LCCA between 10 and 15 years (or the range of 10 to 15 years) for 
AC pavements. Those values are between three and eight years sooner than the national average 
(17.7 years) for first rehabilitation of AC pavements. For PCC pavements, the majority of DOTs 
were using an initial service life of 20 to 25 years, as indicated by the survey responses (6, 7) and 
summarized in Table 2.1. These values are well aligned with the average age of 23.8 years found 
in the LTPP experiments investigated in this study. 

To determine if there were trends associated with pavement type, region, climatic zone, or 
functional classification, the times to first rehabilitation were further examined for each 
parameter and each pavement type, which are discussed in the subsections below. For the 
following evaluations, the middle 90% of the distribution was utilized for AC and PCC pavements 
as described in Table 4.11. 
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4.3.1 By Pavement Type 

The average, minimum, maximum, and standard deviation for the time to the first rehabilitation 
were summarized for LTPP experiment analyzed, as shown in Table 4.12, to reflect the middle 
90% of the distribution for each AC and PCC pavement. For the AC and PCC pavements in the GPS 
experiments, the average pavement age at the first rehabilitation did not vary much from the 
values shown in Table 4.5 for 100% of the distribution. AC pavements on granular base had an 
average pavement age of 17.9 years, just slightly more than one year longer than AC pavements 
on bound base. The three PCC pavements in the GPS experiments, JPCP, JRCP, and CRCP, were 
rehabilitated when the pavement was between 23.4 and 23.9 years, on average. As was the case 
with 100% of the distribution, AC pavements in the SPS experiment were left in service longer 
than those in the GPS experiment, on average. This was also true for two of the SPS experiments 
for PCC pavements: SPS-6 and SPS-9J. 

Table 4.12 Statistics for Time to First Rehabilitation by AC and PCC Pavement Types  

Exp No. Pavement Type No. of Sections 
Age at First Rehabilitation, Years 

Avg Min Max Std Dev 

GPS-1 
AC on Granular 

base 
111 17.9 7.1 28.2 5.36 

GPS-2 AC on Bound base 76 16.8 7.8 28.9 5.70 

GPS-3 JPCP 41 23.4 14.7 34.7 5.98 

GPS-4 JRCP 27 23.9 15.1 35.4 5.68 

GPS-5 CRCP 28 23.8 14.8 33.7 6.11 

SPS Experiments ς Based on Averages at Pavement Sites 

Exp No. Pavement Type No. of Sites Avg Min Max Std Dev 

SPS-5 AC 16 18.9 9.0 25.8 4.74 

SPS-9O AC 3 24.0 16.9 28.2 6.20 

SPS-6 PCC 14 24.8 17.2 32.0 5.55 

SPS-7 PCC 4 23.2 12.9 34.8 9.20 

SPS-9C CRCP 2 22.3 21.8 22.8 N/A 

SPS-9J JPCC 5 25.9 23.0 30.3 3.51 

 

4.3.2 By Region 

Four regions were established at the onset of the LTPP program: the North Atlantic, North 
Central, Southern, and Western regions, as shown in Figure 4.5. Statistics for the time to first 
rehabilitation for each pavement type are presented for each region below in Table 4.13. Data 
were not evenly distributed geographically for either pavement type. In the case of AC 
pavements, only 11% were located in the North Central region, while the remaining regions, 
North Atlantic, Southern, and Western, accounted for 30%, 31%, and 28%, respectively, of the 
total 206 AC pavements. The opposite was true for PCC pavements. The highest number was in 
the North Central region, accounting for nearly 57% of the 121 PCC pavements. 
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Figure 4.5 Map of LTPP Regions (19) 
 
Table 4.13 Statistics for Time to First Rehabilitation by Pavement Type and LTPP Region 

 AC Pavements 

Region No. Avg Min Max Std. Dev. Coefficient of Variation 

North Atlantic 61 17.9 8.0 28.2 6.25 34.9% 

North Central 23 19.4 10.7 26.5 4.44 22.9% 

Southern 64 16.9 7.8 28.8 5.21 30.9% 

Western 58 17.6 7.1 28.9 5.34 30.3% 

 PCC Pavements 

Region No. Avg Min Max Std. Dev. Coefficient of Variation 

North Atlantic 19 22.0 15.0 33.1 6.33 28.4% 

North Central 69 23.7 14.7 35.4 5.74 24.1% 

Southern 16 26.0 12.9 33.1 5.94 22.9% 

Western 17 24.2 17.1 31.3 5.23 21.6% 

AC pavements in the North Central region remained in service longer than in the other regions, 
at 19.34 years on average before receiving the first rehabilitation. Data from this region were 
also the least variable. The average time to first rehabilitation for AC pavements in the remaining 
regions were closer to the overall average of 17.7 years. PCC pavements were left in-service the 
longest, on average, in the Southern region at 26.0 years before receiving the first rehabilitation. 
The average time to first rehabilitation for PCC pavements in the North Central region most 
closely matched the overall average of 23.8 years.  
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4.3.3 By Climatic Zone 

Although four geographic regions were identified based roughly on climatic conditions, the 
geographic regions were not delineated solely on the basis of climate. Therefore, four climatic 
zones were also established, as shown in the map in Figure 4.6. The climatic zones group areas 
together based on moisture or rainfall (wet or dry) and temperature (freeze or non-freeze). These 
climatic zones are wet, freeze; wet, non-freeze; dry, freeze; and wet, non-freeze. The times to 
first rehabilitation for each climatic zone are summarized for AC and PCC pavements in Table 
4.14. The vast majority of the AC pavements were located in the wet, non-freeze climatic zone, 
representing 53% of the AC pavements included in the investigation. For the PCC pavements, 
66% were located in the wet-freeze climatic zone. 

 

Figure 4.6 Map of LTPP Climate Zones (27) 
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Table 4.14 Statistics for Time to First Rehabilitation by Pavement Type and Climatic Zone 

 AC Pavements 

Climatic Zone No. Avg Min Max Std. Dev. Coefficient of Variation 

Dry, Freeze 24 15.0 7.1 26.3 5.11 34.0% 

Dry, Non-freeze 23 19.7 7.8 27.0 4.63 23.5% 

Wet, Freeze 50 20.0 8.8 28.2 5.46 27.3% 

Wet, Non-freeze 109 16.8 7.8 28.9 5.33 31.8% 

 PCC Pavements 

Climatic Zone No. Avg Min Max Std. Dev. Coefficient of Variation 

Dry, Freeze 10 23.8 15.8 31.3 5.83 28.4% 

Dry, Non-freeze 6 24.5 17.1 30.3 5.81 23.7% 

Wet, Freeze 80 23.5 14.7 35.4 5.79 24.7% 

Wet, Non-freeze 25 24.9 12.9 33.7 5.98 24.0% 

The average time to first rehabilitation for PCC pavements did not vary much among the four 
climatic zones, with the shortest average pavement age at 23.5 in the wet, freeze zone and the 
longest at 24.5 in the dry, non-freeze zone. The number of pavements within each zone makes it 
difficult to draw any conclusions regarding the actual time to first rehabilitation for PCC 
pavements, particularly for those in the dry climate zones.  

There was much more variability between climatic zones for the AC pavements, such that 
pavement age at the time of the first rehabilitation ranged from 15.0 to 20.0 years among the 
four zones. The dry, freeze zone accounted for the shortest average time to first rehabilitation of 
AC pavements while the wet, freeze zone accounted for the longest average time. For AC 
pavements in dry climates, pavements remained in-service 4.7 years longer on average in the 
warmer, non-freeze climate than in the freeze climate. The opposite was true for AC pavements 
in wet climates with pavements in the wet, freeze zone left in-service on average 3.2 years longer 
than in the wet, non-freeze zone. 

4.3.4 By Functional Classification 

The AC pavements included in this investigation were further examined by the functional 
classification of the routes for which they were placed. Table 4.15 summarizes the time to first 
rehabilitation for AC pavements. The vast majority of the AC pavements were located on rural 
routes. The highest number of AC pavements, 52% of the 206, were located on routes classified 
ŀǎ άǊǳǊŀƭ ǇǊƛƴŎƛǇŀƭ ŀǊǘŜǊƛŀƭ ς other.έ ¢ƘŜ ǎŜŎƻƴŘ ŀƴŘ ǘƘƛǊŘ Ƴƻǎǘ ŦǊŜǉǳŜƴǘ ǊƻǳǘŜǎ ǿŜǊŜ άǊǳǊŀƭ 
principal arterial ς interstate,έ ŀƴŘ άǊǳǊŀƭ ƳƛƴƻǊ ŀǊǘŜǊƛŀƭ,έ ǊŜǎǇŜŎǘƛǾŜƭȅΦ 9ŀŎƘ ǊŜƳŀƛƴƛƴƎ ǊƻǳǘŜ 
classification represents a small portion of the total dataset. Among the three most frequent 
functional classifications, the average time of first rehabilitation ranged from 17.4 to 18.1 years. 
Due to the limited data available for other rural routes and urban routes, it is difficult to draw 
conclusions regarding average time to first rehabilitation based on the functional classification of 
the route.  
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Table 4.15 Summary of Time to First Rehabilitation for AC Pavements by Functional 
Classification 

Functional Classification No. Avg Min Max Std. Dev. 

Rural Major Collector 4 12.6 8.9 15.7 3.32 

Rural Minor Arterial 26 17.8 7.8 28.8 6.44 

Rural Minor Collector 2 14.0 12.2 15.8 N/A 
Rural Principal Arterial - Interstate 49 18.1 7.8 28.2 5.00 

Rural Principal Arterial - Other 107 17.4 7.1 28.9 5.45 

Urban Minor Arterial 1 24.4 24.4 24.4 N/A 

Urban Other Principal Arterial 5 19.3 8.8 26.1 7.50 

Urban Principal Arterial - Interstate 7 19.6 9.3 26.9 6.64 
Urban Principal Arterial - Other 
Freeways or Expressways 

5 19.4 15.9 24.3 3.95 

The data for the time to first rehabilitation of PCC pavements are summarized by functional 
classification in Table 4.16. Fewer PCC pavements were available than AC pavements, and this is 
also reflected in the number of different functional classifications represented. Only six different 
functional classifications accounted for the 121 PCC pavements. As was the case with AC 
pavements, the majority of the PCC pavements were also on rural routes. The highest frequency 
ƻŦ t// ǇŀǾŜƳŜƴǘǎ ǿŜǊŜ ƻƴ ǊǳǊŀƭ ƛƴǘŜǊǎǘŀǘŜǎΣ ŀƴŘ ǘƘŜ ǎŜŎƻƴŘ ƘƛƎƘŜǎǘ ǿŜǊŜ ƻƴ άǊǳǊŀƭ ǇǊƛƴŎƛǇŀƭ 
arterial ς other.έ Approximately 14% of the total were on urban interstates. There were too few 
PCC pavements on the remaining three functional classifications to draw comparisons. In looking 
at the three most frequent classifications, on average, the shortest time to first rehabilitation 
occurred on urban interstates, while the longest time occurred on άrural principal arterial ς 
other.έ 

Table 4.16 Summary of Time to First Rehabilitation for PCC Pavements by Functional 
Classification 

Functional Classification No. Avg Min Max Std. Dev. 

Rural Minor Arterial 5 28.9 23.4 32.8 3.69 
Rural Principal Arterial - Interstate 60 23.5 12.9 32.3 5.31 

Rural Principal Arterial - Other 33 24.4 14.7 32.3 6.48 
Urban Other Principal Arterial 4 21.9 15.5 34.8 8.79 

Urban Principal Arterial - Interstate 17 23.0 15.1 35.4 5.78 

Urban Principal Arterial - Other 
Freeways or Expressways 

2 22.7 19.3 26.0 N/A 

 

4.4 Summary 

The LTPP database was utilized to examine the actual time at which rehabilitation was conducted 
for AC and PCC pavements across the country. The LTPP program encompassed a number of 
experiments for each pavement type falling into either the General Pavement Studies (GPS) or 
the Specific Pavement Studies (SPS). As the name implies, the SPS experiments had very specific 
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objectives while the GPS experiments were broader and focused on the performance of different 
types of AC and PCC pavements.  

For this study, focus was placed on the experiment to which a pavement was first assigned. Under 
GPS, pavement sections were first assigned to one of five experiments based on the pavement 
type. These pavement sections were 500 feet in length and consisted of existing in-service 
pavements across the U.S. and parts of Canada. After entry to the LTPP program, pavement 
sections (GPS or SPS) could be reassigned based on maintenance and rehabilitation activities and 
objectives of other LTPP experiments. SPS experiments may consist of existing in-service 
pavements or newly constructed pavements. Unlike the GPS experiments, SPS experiments 
consisted of multiple 500-foot pavement sections at a project site along the same route. Project 
sites across the U.S. and Canada were selected based on specific objectives of the SPS 
experiment. For those SPS experiments consisting of newly constructed pavements, pavement 
sections at a project site were varied based on the experimental design. In SPS-1 and SPS-2 
experiments, pavement sections varied by structural factors such as thickness and the presence 
or absence of a drainage layer. For those SPS experiments utilizing existing in-service pavements, 
pavement sections at a site varied by the type of preventive maintenance activities, rehabilitation 
activities, or overlays. 

For this study, ǘƘŜ ǘƛƳŜ ŀǘ ǿƘƛŎƘ ǘƘŜ ŦƛǊǎǘ ǊŜƘŀōƛƭƛǘŀǘƛƻƴ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ƛƴ ŀ ǇŀǾŜƳŜƴǘΩǎ ƭƛŦŜ ǿŀǎ 
of interest; therefore, experiments utilizing only existing in-service pavements were selected. 
These experiments included GPS experiments one through five. Also included were SPS 
experiments that focused on rehabilitation techniques on existing pavements. As noted, SPS 
experiments conducted on existing in-service pavements consisted of multiple pavement 
sections at a site. These existing pavement sections were along the same route and thus, were 
subjected to the same or very similar traffic and roughly shared the same pavement structure. 
Although different rehabilitation activities were applied, they were often applied at 
approximately the same time. Therefore, the average pavement age at the time of the first 
rehabilitation for the pavement sections at a site was utilized to represent one pavement to 
reduce bias due to the multiple pavement sections.  

Like pavement types (AC or PCC) were combined to determine the average time to first 
rehabilitation. The average timing of the first rehabilitation for AC pavements was found to be 
17.93 years with 95% certainty that the mean was between 17.05 and 18.82 years. The median 
of the 229 AC pavements was 17.14 years. PCC pavements were rehabilitated later in their life, 
with an average time of first rehabilitation of 23.84 years and a 95% confidence interval for the 
mean of 22.60 to 25.08 years. The median for the 130 PCC pavements was 23.90 years.  

To guard against possible erroneous values (such as the very short time to first rehabilitation 
found in each AC and PCC pavement dataset and shown as the minimum values in Table 4.5), the 
data could be limited to the middle 90% of the distribution. Assuming a normal distribution for 
each pavement type, the upper and lower boundaries for the middle 90% were determined, 
resulting in lower and upper boundaries of 6.71 and 29.15 years for AC pavements, and 12.03 
years and 35.64 years for the PCC pavements. The middle 90% of the distribution for AC 
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pavements included 206 pavement sections, and 121 sections were included in the middle 90% 
of the distribution of PCC pavements. Using these boundaries, the datasets were further 
examined by pavement type, geographic region, climatic zone, and functional classification of the 
roadways.  

The timing of the first rehabilitation was summarized for each GPS and SPS experiment, as shown 
in Table 4.12. On average, AC pavements on granular bases were rehabilitated approximately 
one year later than AC pavements on bound bases. AC pavements included in the SPS 
experiments examined here were rehabilitated later than the AC pavements utilized in GPS 
experiments, with an average timing of first rehabilitation at 19.6 and 25.0 years. On average, 
PCC pavements in the GPS experiments were rehabilitated within less than one year of one 
another with pavement ages ranging from 23.4 to 23.9 years. For PCC pavements in the SPS 
experiments, CRCP pavements were rehabilitated the earliest, on average, while JPCC pavements 
were left in-service the longest prior to the first rehabilitation, on average. 

It was found that the North Central region was associated with the longest average time to first 
rehabilitation for AC pavements at 19.4 years, while the Southern region was associated with the 
longest average time for PCC pavements at 26.0 years. The North Atlantic region was found to 
be the most variable for both pavement types.  

As might be expected, due to the known influence moisture and low temperatures have on 
pavement damage, the dry, non-freeze climate was associated with the longest time to first 
rehabilitation for AC pavements. For AC pavements in climatic zones with wet conditions, longer 
times to first rehabilitation were shown in freeze areas as opposed to non-freeze, on average. 
Differences in the average pavement age at the time of first rehabilitation of PCC pavements in 
the four climatic zones were not prominent, with the largest difference in average pavement age 
amounting to just 1.4 years.  

The majority of the AC and PCC pavements included in the LTPP experiments that were 
investigated for this study were under rural principal arterials classifications. While too few 
pavements were associated with many of the functional classifications for the AC pavements, the 
pavement ages at the time of first rehabilitation among the three most frequent functional 
classifications were within one year of each other. Pavement ages for three functional 
ŎƭŀǎǎƛŦƛŎŀǘƛƻƴǎ όάǊǳǊŀƭ ǇǊƛƴŎƛǇŀƭ ŀǊǘŜǊƛŀƭ ς other,έ άǊǳǊŀƭ ǇǊƛƴŎƛǇŀƭ ŀǊǘŜǊƛŀƭ ς interstate,έ ŀƴŘ άǊǳǊŀƭ 
ƳƛƴƻǊ ŀǊǘŜǊƛŀƭέύ ǊŀƴƎŜŘ ŦǊƻƳ мтΦ4 to 18.1 years. For t// ǇŀǾŜƳŜƴǘǎ ƻƴ άǊǳǊŀƭ ǇǊƛƴŎƛǇŀƭ ŀǊǘŜǊƛŀƭ ς 
ƻǘƘŜǊΩέ ŀƴŘ άǊǳǊŀƭ ǇǊƛƴŎƛǇŀƭ ŀǊǘŜǊƛŀƭ ς interstate,έ ǘƘŜ ǘƛƳŜ ǘƻ ŦƛǊǎǘ ǊŜƘŀōƛƭƛǘŀǘƛƻƴ ǿŀǎ ƭƻƴƎŜǊ with 
average pavement ages of 24.4 and 23.5, respectively. The third most frequent functional 
classification for PCC pavementsΣ άurban principal arterial ς interstate,έ had the shortest time to 
first rehabilitation with an average pavement age of 23.0 years. 

By compiling this LTPP data from across the U.S. and Canada, it allows insight into whether the 
initial service life used in LCCA is representative of the actual timing of the first rehabilitation for 
AC and PCC pavements. Looking back at the earlier responses to the 2007 Mississippi DOT survey 
and surveys issued for the study conducted for South Carolina DOT shown in Table 2.1 (6, 7), the 
majority of DOTs reported a value between 10 and 15 years (or the range of 10 to 15 years). 
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These initial service lives used in LCCA are between three and eight years sooner than the 
national average, as shown in Table 4.11 as 17.68 years. As indicated by the survey responses 
summarized in Table 2.1 (6, 7), the majority of DOTs were using an initial service life of 20 to 25 
years for PCC pavements, which aligns well with the average age of 23.84 years that PCC 
pavements were found to be rehabilitated in the LTPP experiments investigated here. While the 
results found in this study may not affect LCC for PCC pavements (i.e., the longer average time to 
first rehabilitation), they may have an impact on LCC for AC pavements.  

5 PAVEMENT CONDITION DETERIORATION 

Agencies often determine the initial pavement service life for use in LCCA by considering 
historical averages of pavement age at the time of first rehabilitation. However, not all 
pavements are rehabilitated when their performance measures reach the rehabilitation 
thresholds for various reasons. Thus, the initial service life of AC and PCC pavements should 
ideally be determined based only on a subset of historical data of pavements that have been 
rehabilitated based on common performance thresholds. 

The previous section sought to determine national averages for AC and PCC pavements in the 
LTPP experiments GPS-1 through GPS-5 and SPS-5 through SPS-7, and SPS-9O for the actual 
timing of the first rehabilitation. ¢ƘƻǎŜ ŀǾŜǊŀƎŜǎ ǿŜǊŜ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ŀƎŜƴŎƛŜǎΩ ǊŜǎǇƻƴǎŜǎ ǘƻ ǘƘŜ 
questionnaire presented in Section 3. While some agencies utilize thresholds for pavement 
condition or condition indices as criteria for rehabilitation, the pavement condition indicators as 
well as the thresholds varied by agency and for each pavement type. LCCA is most often used to 
compare two competing alternatives, and in doing so, one important assumption should hold 
trueτthe alternatives provide the same level of benefit to the users. For DOTs, these two 
competing alternatives are AC and PCC pavements. As such, the indicator for user benefit or 
pavement performance and associated threshold should be equivalent between the two 
pavements, and it is the time it takes to reach that threshold that determines the initial service 
life.  

Agencies are required to report the condition and performance of their roadways annually as 
part of HPMS (3). Specifically, the data requirements for the 11 surfaces considered in HPMS are 
shown in Table 5.1. Shown in Table 5.1 are the performance metric data required for each surface 
type, indicated by the unit of measure for IRI, the range of values for PSR, and the precision for 
rutting and faulting. The HPMS field manual also provides brief descriptions for the cracking 
percent to be reported for each pavement type. Only two types of pavement condition indicators 
are common to both AC and PCC pavements: cracking and roughness. Although cracking is 
required for almost all surface types, the type of cracking (fatigue, punchouts, longitudinal, 
cracked slabs, etc.) and actual measurements (area of fatigue cracking, number of slabs cracked 
as a percentage of total slabs, etc.) varies by pavement type, as shown in Table 5.1. Pavement 
roughness is reported through either PSR or IRI. PSR is a subjective composite rating of pavement 
performance that includes roughness on a scale of 0.1 to 5.0, where 0.1 represents a pavement 
that is extremely deteriorated or failed and has significant ride discomfort, and 5.0 represents a 
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new pavement or newly resurfaced pavement with no distress and a very smooth ride. PSR can 
be reported rather than IRI for routes on NHS where the posted speed limit is less than 40 mph. 

Table 5.1 Required HPMS Data by Surface Type (3) 

Pavement 
Type 

IRI PSR Rutting Faulting Cracking % 

Unpaved      
Bituminous in/mi 0.1 ς 5.0 0.1 in  Fatigue % area 

JPCP in/mi 0.1 ς 5.0  0.1 in % cracked slabs 
JRCP in/mi 0.1 ς 5.0  0.1 in % cracked slabs 

CRCP in/mi 0.1 ς 5.0   
Punchout/long./

patch % area 
AC Overlay on 

AC 
in/mi 0.1 ς 5.0 0.1 in  Fatigue % area 

AC Overlay on 
JCP 

in/mi 0.1 ς 5.0 0.1 in  Fatigue % area 

AC Overlay on 
CRCP 

in/mi 0.1 ς 5.0 0.1 in  Fatigue % area 

Unbonded JCP 
Overlay on PCC 

in/mi 0.1 ς 5.0  0.1 in % cracked slabs 

Bonded PCC 
Overlay on PCC 

in/mi 0.1 ς 5.0  0.1 in % cracked slabs 

Other (e.g. 
brick) 

in/mi 0.1 ς 5.0    

Prior to the publication of proposed performance measures for MAP-21, a study was published 
ƛƴ нлмн ŀƛƳŜŘ ŀǘ ŘŜŦƛƴƛƴƎ άŀ ŎƻƴǎƛǎǘŜƴǘ ŀƴŘ ǊŜƭƛŀōƭŜ ƳŜǘƘƻŘ ƻŦ ŀǎǎŜǎǎƛƴƎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƘŜŀƭǘƘ 
with a focus on bridges and paǾŜƳŜƴǘǎ ƻƴ LƴǘŜǊǎǘŀǘŜ IƛƎƘǿŀȅ {ȅǎǘŜƳέ ό28). As part of that study, 
researchers were tasked with developing a consistent approach for categorizing pavements as 
good, fair, or poor. A pilot study was conducted consisting of data from three DOTs to explore 
the use of various parameters for evaluating pavement condition: IRI, pavement condition index, 
structural capacity based on deflections, selected distresses combined with IRI and/or structural 
capacity, and remaining service life. Comparisons were made amongst state PMS data, HPMS 
data (if available for the parameter), and field data to determine if there was any correlation 
among the data sets. Among the condition measures evaluated (IRI, cracking percentage, 
cracking length, rutting, and faulting), a high level of confidence in the data was found only for 
IRI. It was also reported that IRI does not fully represent the condition of the pavement, 
particularly the ability of the pavement structure to withstand traffic loadings. However, based 
on the findings, it was recommended that IRI be used as a good/fair/poor indicator at the national 
level (28). 

As part of MAP-21, DOTs are required to establish targets and report progress in the near future 
for four performance measures dependent on pavement type, including IRI, cracking, rutting for 
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AC pavements, and faulting for PCC pavements (4). Although IRI and cracking are required for 
both AC and PCC pavements, cracking types and the associated MAP-21 thresholds differ by 
pavement type.  

!ǎ ǇƻƛƴǘŜŘ ƻǳǘ ƛƴ ǘƘŜ CI²! ǊŜǇƻǊǘΣ ά{ǘǳŘȅ ƻŦ [¢tt 5ƛǎǘǊŜǎǎ 5ŀǘŀ ±ŀǊƛŀōƛƭƛǘȅΣ ±ƻƭǳƳŜ LΣέ ǘƘere is 
substantial variability associated with manual crack ratings (29). As a result, automated crack 
data collection methods as outlined in the AASHTO Automated Cracking Data Standards for 
Collection and Analysis and AASHTO Standards PP67-14 and PP68-14 have become increasingly 
popular among DOTs. However, different automated methods for crack detection and data 
collection exist. There is a nationally recognized need to unify data reporting and standardize 
pavement crack definitions. In response, NCHRP Project 01-57A (previously NCHRP Project 01-
57) ǿŀǎ ƛƴƛǘƛŀǘŜŘ ŀƴŘ ƛǎ ŎǳǊǊŜƴǘƭȅ ƛƴ ǇǊƻƎǊŜǎǎ ǘƻ άŘŜǾŜƭƻǇ standard, discrete definitions for 
ŎƻƳƳƻƴ ŎǊŀŎƪƛƴƎ ǘȅǇŜǎ ƛƴ ŦƭŜȄƛōƭŜΣ ǊƛƎƛŘΣ ŀƴŘ ŎƻƳǇƻǎƛǘŜ ǇŀǾŜƳŜƴǘǎέ (5). It is anticipated that the 
results of the NCHRP study will aid DOTs in sharing information as well as reporting for federal 
ǊŜǉǳƛǊŜƳŜƴǘǎ ŀƴŘ άǎŜǘǘƛƴƎ ƴŀǘƛƻƴŀƭΣ ǎǘŀǘŜΣ ŀƴŘ ƭƻŎŀƭ ǇŜǊŦƻǊƳŀƴŎŜ Ǝƻŀƭǎέ ό5).  

While different parameters exist to evaluate ride quality, pavement roughness is defined and 
measured in the same manner regardless of pavement type. PSR is a subjective rating of 
pavement performance that includes roughness; however, IRI is an objective and repeatable 
measure of roughness defined in ASTM E 867 as the amount a longitudinal profile deviates from 
a true planar surface. A relative measure of the longitudinal profile is determined with an inertial 
profiler to which a mathematical model is applied to compute IRI as the suspension (vertical) 
displacement per unit of distance traveled (30, 31). Qualitative categories for IRI were published 
in 2000 to help agencies translate between the perceived pavement roughness rated with PSR 
and the measured IRI values, as shown in Table 5.2 for Interstates. As part of the national 
performance measures for MAP-21, good, fair, and poor IRI were defined by the FHWA in 2017, 
also shown in Table 5.2 (4).  

Table 5.2 FHWA IRI Categories (4, 32) 

Agency 

IRI Categories of Roughness (in/mi ) 

Very Good Good Fair Poor Very Poor 
FHWA (2000) < 60 60 ς 94 95 ς 119 120 ς 170 > 170 

FHWA (2017)  < 95 95 ς 170 > 170  

Although cracking may provide an understanding of how a pavement is degrading, pavement 
ǊƻǳƎƘƴŜǎǎ ƛǎ ƻŦǘŜƴ άŎƻƴǎƛŘŜǊŜŘ ǘƘŜ ǇŀǾŜƳŜƴǘ ŎƻƴŘƛǘƛƻƴ ƛƴŘƛŎŀǘƻǊ ǘƘŀǘ ōŜǎǘ ǊŜŦƭŜŎǘǎ ǘƘŜ ǇǳōƭƛŎǎΩ 
ǇŜǊŎŜǇǘƛƻƴ ƻŦ ǘƘŜ ƻǾŜǊŀƭƭ ŎƻƴŘƛǘƛƻƴ ƻŦ ŀ ǇŀǾŜƳŜƴǘ ǎŜŎǘƛƻƴέ ό33). Given the importance of 
pavement roughness to the traveling public and the unified definition and measurement across 
all pavement types, pavement roughness measured by IRI enables the best comparison of level 
of performance between pavement types.  

5.1 Importance of IRI in Determining Initial Service Life 

It was found in Section 3 that although the use of IRI varies among DOTs, it is commonly utilized 
in the decision-making process for rehabilitation. Whether IRI is used directly, as a rehabilitation 
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trigger, or indirectly as part of a condition index, it was found to play a role in the determination 
of actual service life. As discussed previously, initial service life utilized in LCCA should also reflect 
current practice. Previous research demonstrates that IRI can be used in estimating initial service 
life. 

In the 2005 study of service life of HMA pavements in LTPP experiments, researchers estimated 
the expected time for pavements not yet rehabilitated to reach low, moderate, or excessive 
levels of distress (10). The expected service life was determined based on the probability of 
occurrence for each of the following six distresses: fatigue cracking, longitudinal cracking in the 
wheelpath, rutting, longitudinal cracking outside the wheelpath, transverse cracking, and 
roughness. According to the researchers, moderate level of roughness, 2.1 m/km to 2.5 m/km 
(133.1 in/mi to 158.4 in/miύΣ άis the amount of roughness that typically will trigger some type of 
rehabilitation activity.έ Similarly, moderate levels for the other five distresses signified the 
amount of distress that would typically trigger some type of rehabilitation. The time for AC 
pavements to reach this level of roughness was estimated at 22 years. This value was the same 
time for AC pavements to reach moderate levels of each rutting, longitudinal cracking outside 
the wheelpath, and transverse cracking (10). Of the six distresses investigated, these four 
distresses marked the shortest estimated time for AC pavements to reach a moderate level of 
distress. 

The importance of IRI in the estimation of initial service life was evident in the 2008 study 
conducted for Kansas DOT (13). Although survival analyses were conducted to estimate service 
life based on age, a performance analysis was also conducted to determine the service life of AC 
and PCC pavements based on a performance threshold for IRI alone. The threshold was 
determined by identifying the mean IRI values at the time of light or heavy maintenance and 
rehabilitation from which a common threshold value was established. Using PMS data, the 
relationship between IRI and age was modeled, which was in turn used to determine the age at 
which the pavement had reached or would reach the IRI threshold (the expected service life) for 
each pavement type (13). 

In a study aimed at evaluating the performance and life cycles of concrete pavements in Georgia, 
άŦŀǳƭǘƛƴƎ ƛƴŘŜȄ ƛƴ ŎƻƴƧǳƴŎǘƛƻƴ ǿƛǘƘ ǊƻǳƎƘƴŜǎǎ ŀƴŘ ŎǊŀŎƪƛƴƎ-related distresses were 
recommended as the primary performance indicatoǊǎ ŦƻǊ ƛŘŜƴǘƛŦȅƛƴƎ ǘƘŜ ŜƴŘ ƻŦ ǎŜǊǾƛŎŜέ ό12). 
However, the authors ultimately determined service life separately for historical times of major 
rehabilitation (or AC overlay) and for the time needed to reach a faulting index threshold.  

A more recent study was conducted to determine the time to rehabilitation for Superpave 
asphalt pavements in Colorado (9). Similar to the 2005 study on LTPP HMA pavements, the 
expected time to first rehabilitation was estimated based on individual distresses (roughness, 
permanent deformation, fatigue cracking, transverse cracking, and longitudinal cracking). The 
rate of change of each distress was determined for each pavement section. Using the average 
rate of change in distress, the average distress for the last year of available data, and threshold 
values from the Colorado DOT 2015 M-E Pavement Design Manual, the time to reach each 
threshold was estimated. This was completed for each functional classification as well as a 
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statewide average. Based on the statewide averages, it was concluded that 
rehabilitation/reconstruction was triggered first by IRI, with an estimated time to reach the IRI 
threshold of 160 in/mi on interstate pavements of 13 years. The estimated time on all other 
routes statewide to reach 200 in/mi was reported as 19 years (9). 

As noted above, previous research has been conducted to estimate expected service life at the 
national level using LTPP data (10); however, the estimates were limited to AC pavements and 
were based on a survivability analysis of pavements not yet rehabilitated. Moreover, service life 
was estimated using predetermined thresholds for individual distresses (including IRI); however, 
the threshold values were not validated based on actual distress values at the time of 
rehabilitation. Although other researchers identified a common IRI threshold for AC and PCC 
pavements based on mean IRI values at the time of rehabilitation, the value was limited to 
roadways in Kansas (13). IRI bridges the performance criteria between AC and PCC pavements, 
enabling it to be used for evaluating equal levels of performance in unlike pavement types. 
Therefore, there is a need to understand IRI values at the time of first rehabilitation and to 
determine the rate at which IRI progresses, or in other words, the rate at which ride quality 
deteriorates. The remaining subsections delve into the LTPP pavement sections to determine IRI 
values just prior to their first rehabilitation as well as the IRI values over time leading up to the 
first rehabilitation to understand the increase in pavement roughness with pavement age. 

5.2 Roughness at First Rehabilitation 

Due to the limited IRI data available for SPS pavement sections prior to rehabilitation as well as 
the issues discussed in Section 4.2.2 regarding the early rehabilitation of pavement sections at 
project sites, SPS data was excluded entirely from the evaluation of the deterioration of the 
pavements with respect to IRI over time. Therefore, only pavement sections that had not 
received rehabilitation prior to entry into the LTPP program and were initially entered into the 
program in one of the following GPS experiments were utilized: GPS-1 (AC on granular base), 
GPS-2 (AC on bound base), GPS-3 (JPCP), GPS-4 (JRCP), or GPS-5 (CRCP).  

As noted in Section 4.3, the middle 90% of the AC and PCC distributions can be used to guard 
against erroneously reported times of first rehabilitation or values not representative of typical 
pavement performance or practices. The middle 90% was determined for age at first 
rehabilitation of each pavement type using the combination of SPS sites and GPS sections, as 
described in section 4.3. The lower and upper boundaries of the middle 90% for each pavement 
type are listed below. 

¶ AC pavements 
o Lower boundary: 6.7 years 
o Upper boundary: 29.2 years 

¶ PCC pavements 
o Lower boundary: 12.0 years 
o Upper boundary: 35.6 years 
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The upper and lower boundaries from the middle 90% were applied to the aforementioned GPS 
experiments. In doing so, the data were filtered to include only pavement sections that were 
rehabilitated for the first time between the boundaries listed above for the respective pavement 
type.  

Using this dataset, the IRI data were obtained for the GPS pavement sections prior to the first 
rehabilitation. Although the middle 90% of the AC pavements included 206 pavement sections 
and the middle 90% of the PCC pavements included 121 pavement sections, roughness 
measurements (using inertial profilers to obtain IRI values) were not made on every pavement 
section prior to rehabilitation. As a result, the available pavement sections in the U.S. and Canada 
with time of first rehabilitation within the upper and lower boundaries and those including IRI 
value(s) prior to rehabilitation included 166 AC pavement sections and 90 PCC pavement 
sections.  

The IRI at the time of rehabilitation is of interest to better understand the performance of each 
pavement type at the time the first rehabilitation was perceived necessary. Therefore, an analysis 
of the last IRI value measured prior to the application of the first rehabilitation activity is 
presented first. Further analysis is presented later in this section to examine the deterioration of 
the pavements with respect to roughness over time. Although the most complete and consistent 
dataset (LTPP) was used for this analysis, there are limitations with the data that should be noted. 
First, the last IRI measurement may have been obtained as much as four years prior to the first 
rehabilitation. Additionally, detailed measurements on pavement sections in the GPS experiment 
are not available prior to acceptance into the LTPP program. Therefore, the available IRI 
measurements in the LTPP database often do not span the entire life of the pavement. IRI is 
reported for each wheelpath and the average of the two wheelpaths, referred to as mean IRI or 
MRI. To remain consistent with the reporting requirements for HPMS and MAP-21, MRI was used 
for these evaluations. When IRI was measured for the LTPP projects, replicate measurements 
were generally made with the inertial profiler on a given day in which IRI was measured in the 
left and right wheelpaths. For each run, MRI was calculated and stored in the LTPP database as 
the mean IRI of the two wheelpaths. Averages of the replicate MRI values for each date were 
calculated and utilized in the analyses presented in the following subsections.  

5.2.1 Roughness Prior to First Rehabilitation by Pavement type 

Roughness measured prior to the first rehabilitation was examined by pavement type to gain an 
understanding of the approximate MRI at the time of rehabilitation. The number of GPS sections 
as well as the average, median, minimum, maximum, standard deviation, and 95% confidence 
interval for the last replicate MRI values before the first rehabilitation for each pavement type 
are listed in Table 5.3. On average, AC pavements were smoother than PCC pavements at the 
time of rehabilitation. However, based on the standard deviation, AC pavements were much 
more variable. The average MRI for both AC and PCC pavements were approximately equidistant 
from 120 in/mi, an early value used to delineate between fair and poor roughness and utilized 
by the FHWA in 2000 to translate PSR to IRI (32). The average MRI values just prior to the first 
rehabilitation for both AC and PCC pavements contrast sharply with the thresholds agencies use 
to categorize ride quality of their pavements as άroughέ or άpoor.έ As discussed in Section 3.2.3, 
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four agencies reported values of 170 in/mi or greater, and one agency, Pennsylvania, indicated a 
value of 150 in/mi as the boundary between fair and poor ride quality, all of which are much 
greater than the average MRI found for either AC or PCC pavements just prior to rehabilitation. 
Only one agency, Nevada DOT, reported an IRI ǾŀƭǳŜ ŎƭŀǎǎƛŦȅƛƴƎ ƛƴǘŜǊǎǘŀǘŜ ǇŀǾŜƳŜƴǘǎ ŀǎ άǊƻǳƎƘέ 
in tune with the average MRI value found here. Nevada DOTΩǎ ǾŀƭǳŜ ƻŦ м15 in/mile falls between 
the average MRI for AC and PCC pavements, as shown in Table 5.3. 

Table 5.3 Summary of Last MRI Value before First Rehabilitation by Pavement Type 

Type No. 
Avg MRI 
(in/mi)  

Median MRI 
(in/mi)  

Min MRI 
(in/mi)  

Max MRI 
(in/mi)  

Std. Dev. 
(in/mi)  

95% Confidence 
Interval (in/mi) 

AC 166 112.4 99.4 30.2 359.0 54.0 104.1 ς 120.7 

PCC 90 129.0 119.2 48.3 260.7 46.1 119.3 ς 138.6 

The maximum MRI value prior to rehabilitation was exceptionally high for both pavement types, 
with maximum MRI values much greater than the 170 in/mi ŎƻƴǎƛŘŜǊŜŘ ǳƴŀŎŎŜǇǘŀōƭŜ ƛƴ CI²!Ωǎ 
categories for MAP-21 shown in Table 5.2 (4). Additionally, both AC and PCC pavements had 
minimum values representative of very smooth pavements. 

The median MRI values were less than the average MRI by approximately 10 in/mi and 13 in/mi 
for PCC and AC pavements, respectively. The median MRI values fell withƛƴ CI²!Ωǎ ŦŀƛǊ ŎŀǘŜƎƻǊȅ 
of 96 in/mi to 120 in/mi, as shown in Table 5.2, although the value for AC pavements was at the 
low end and the value for PCC pavements was at the high end of this range. Shown in Figures 5.1 
and 5.2 are the distributions of MRI values for AC and PCC pavements. Median values less than 
the average MRI values are likely due to the long right tails of the distributions.  

 

Figure 5.1 Distribution of MRI Prior to First Rehabilitation for AC Pavements 
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Figure 5.2 Distribution of MRI Prior to First Rehabilitation for PCC Pavements 

The distribution in Figure 5.2 for PCC pavements shows a clear peak for MRI prior to rehabilitation 
at greater than 95 in/mi and less than or equal to 120 in/mi. Although the distribution for AC 
pavements shares the same peak, pavements with MRI values greater than 45 in/mi and less than 
or equal to 70 in/mi occurred almost as frequently, indicating that AC pavements with good or 
very good ride quality were rehabilitated almost as frequently as AC pavements with fair ride 
quality. To explore this in more detail, the IRI categories shown in Table 5.2 were applied to the 
distributions shown above.  

The percentage of the total pavement sections for which the average MRI prior to rehabilitation 
falls into each FHWA category is listed in Table 5.4 While the frequencies of pavements are 
grouped in Figures 5.1 and 5.2 at even intervals for MRI, the categories defined by the FHWA are 
not at even intervals. As a result, the data show that AC pavements with good ride quality based 
on the last available average MRI value prior to rehabilitation were rehabilitated more frequently 
than pavements in any other ride quality category. The pattern for PCC pavements was opposite 
to this with more pavements having poor ride quality prior to rehabilitation than any other ride 
quality category. Unacceptable ride quality was defined by the FHWA in the 1998 National 
Strategic Plan as an IRI greater than 170 in/mi (34). As shown in Table 5.4, the percentage of total 
pavement sections with MRI values prior to rehabilitation in this category was nearly equivalent 
for both AC and PCC pavements at just over 14%. The data presented in Table 5.4 suggests that 
rehabilitation occurs on AC pavements well before reaching unacceptable levels and that AC 
pavements are more likely to have good ride quality prior to rehabilitation, while PCC pavements 
are more likely to reach poor ride quality before rehabilitation occurs.  

  


