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EXECUTIVE SUMMARY

Statedepartments of transportatiofDOT3 use life cycle cost analysis (LC@Ahoose the most
costeffective 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 LCCAt is assumed that the two alteatives provide the same level of performancebenefits

02 0(KS LINFIBRO§ QeialtednatiBeNBad be comparedlely on the basis of cost.

Two types of performance periods are typically considered in LCCA, initial performance period

and rehailitation performance period. Initial performance period represents the average time
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first rehabilitation. Rehabilitation performance period is the length of &@rfor a rehabilitated
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The initial performance periothlso known as initial service lifean be significantly different for
competing alternatives, and it affects the timing of future maintenance rabilitation (M&R)
activities, in turn, affecting the life cycle cost of each pavement alternativé&{nce initiatervice
life plays such a critical role in LCCA ftilowing questions arise: lat is the actual initiadervice
life for each paverant type, and is the accurate initiadervice lifebeing used in LCCA?

To address these questions, the following objectives were established for this study:
1 Document methodDOT<urrentlyuseto determine initial service life for use in LCCA for
both asphalt and concrete pavements
1 Document actual service livesat the age of the pavement at first rehabilitatiofor
asphalt and concrete pavemerttased on historical data; and
1 Provide recommedations on determining initial service life for LCCA

A literature search and a survey@OTsvere conducted to gather information about pavement
service life and rehabilitation activities considered in LCCA for both asphalt concrete (AC) and
Portland cenent concrete (PCC) pavements. Analyses of {emy 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 Rijlex (I

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 orDOTgesponses tdhe questionnaireissued in this study, it was found that procedures
for determining initialpavement service life for use in LCCA varp@fsand tend to be mult
faceted. However, agencies commonly reported using historical data from their pavement
management system (PNISOther methods reported included using expert opinion or
engineering judgement, distress or condition indices, and the pavement design life.

Based on the review @OTsgractices for determininghe actual timing of the first rehabilitation
for both ACand PCC pavements, it was found that procedures are unique to each agency and



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 ruttinfefixible 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 irstdess types and cracking definitions for each
pavement, condition indices and associated thresholds are not comparable between unlike
pavement types Therefore, actugpractices and criteria for determining time of rehabilitation

do not appear to be baskon achieving equal levels of performance.

It was also found that IRI is widely used in some aspect of the decs&img process for
determining the actual timing of rehabilitation. While some agencies Haveshold values
associated with IRI, they sawidely by agency. Furthermore, there does not appear to be a
nationwide consensus amomOTon IRI valuethat indicate the need for rehabilitation.

The timing of the first rehabilitation events for AC and PCC pavements were documented for the
pavemerns 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 Ganadbditation
activities were defined based on the results of the questionnaire issuddQdsin which the
treatments for major rehabilitation of their AC and PCC pavements are considered in their LCCA
procedures. The initial pavemeservice lifewas céculated 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 83 experiments and in the Specific Pavement Study
(SPS) experiments were considered. GPS and SPS experiments selected for the study included
existing inplace pavements that should have distresses typical of that agency and be
representative of actual ting of rehabilitation. Only pavement sections that had not yet
received a rehabilitation activity, as reported to LTPP, were utilized.

Specificallypavements in the following LTPP GPS experiments were included:
GPSL (AC on granular base)

GP& (AC orbound base);

GPS3 (JPCP);

GP# (JRCP); and

GP$5 (CRCP).

= =4 =4 4 A

The SPS experiments used for this part of the study were limitédose that utilized existing,
in-place pavement sectiong.or 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 determin&bte following LTPP SPS experiments
were included:

1 SP$b (rehabilitation of AC pavements);



SP$SS (rehabilitaton of JPCP);

SP&/ (bonded PCC overlay on concrete);
SPSC (AC overlay on CRCP);

SPSJ (AC overlay on JPCiyl

SPO (AC overlay on AC pavement).

=4 =4 =4 4 A

Based on the analysis of the initial performance perifmisACpavementsin the LTPP program

the averageasphaltpavement age at time of first rehabilitationas found to beapproximately

18 years(Table E.1)However based on previous surveys DO, initial performance periods
frequently used in LCCA fasphaltpavementsare betweenl0 and 15 yearsFor concrete
pavements, previous surveys showed most initial performance petiseld in LCCé&rebetween

20 and 25 yearswhereasthe averageconcretepavement age at the time of first rehabilitation

in the LTPP program &bout 24years(Table E.1)This suggestthat initial performance period
values used for LCCA do not adequately represent theabhage ofasphaltpavements atime

of first rehabilitation. However, initial performance periods used in LCCA for PCC pavements are
generally representative of actual concrggavement age at time of first rehabilitation.

TableE.1Summary of Middle 90%f 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 evallsedd 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 pavemsnyypes, 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 indicdked climate likely has an

impact on the timing ofthe first rehabilitation for asphalt pavements, howeyér 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 rehabilitatiere investigated using LTPP pavement
sections. Pavement types included in the investigation w&@ pavements on granular base
(GPSL) and AC pavements on bound base (@R&nd PCC pavement sections in #RCP (GPS

3), JRCP (GHy and CRCP (GBSTheMRI values for the pavement sections were compared
with the FHWA categories for ride quality associated with IRl measurararty good, god,

fair, poor, and very poorgs shown in Table EI2was found that in general, AC pavements were
smootherthan 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 pavememtere than 85%of the sectionswere 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.



TableE2 Ride Quality MRI) Prior to Rehabilitabn

Percent of Total Pavement Sections
Very Good** Good Fair Poor Very Poor
< 60 in/mi 60¢ 94 95¢ 119 120¢ 170 | > 170 in/mi
Pavement Type in/mi in/mi 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 isnot 100% due to rounding PHWACategoriesor Ride Quality32).

While AC pavements tended to be smoother than PCC pavements at the first rehabilitation, MRI
values amongst these two pavement types did intersé. shown in Table E.3he 95%
confidence interval about the meaior both pavementsoverlapbetween 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 qualityThis is based on average MRI valitesn LTPP pavement sections
across the United States and Canada, therefore, MRI values may differ for indiv@tal

TableE.3Summary of Last MRI ValuesBre First Rehabilitation by Pavement Type

Avg MRI| Median MRI | Min MRI | Max MRI | Std. Dev.| 95% Confidence
Type| No. | (in/mi) (in/mi) (in/mi) (in/mi) (in/mi) Interval (in/mi)
AC | 166 | 112.4 994 302 359.0 54.0 104.1¢ 1207
PCC| 90 129.0 119.2 483 260.7 46.1 119.3¢ 138.6

Pavement roughness, expressed as IRl or MR, 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 servicedileGCA. An investigation of

the data revealedthat 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 aviel than PCC pavements. PCC pavement tended

to have pavement roughness valuéizat remained stable over time; kereas, MRl on AC
pavements increased at a faster rate in the years prior to the first rehabilitédliRl data were

not available for the entirdirst cyclefor either AC or PCC pavementhan PCC pavements
Additionally, it was found that the rate pavement roughness progresses with age varies by
climatic conditiongor both AC and PCC pavemems#ferences in pavement roughness with age
were nded for the two types of AC pavements, indicatitngt the type of base (granular or
bound) may have an influence on the rate MRI incresaser time on AC pavements.



1 INTRODUCTION
1.1 Background

Sate departments of transportation (DOTsejten use life cycle cost analysis (LCCA) to choose
the most costeffective project alternatives, especially when planning newwnstruction or
reconstruction of their roadway®y comparing net present values (NPVs) of two potentially very
dissimilar invetments, such as asphalt concrete (AC) or Portland cement concrete (PCC)
pavement,LCCA considers all of the anticipated costs over the life of the pavemsuating

initial cods and discounted future costs.

An LCCA can be conducted in four main steps foroject. First, all potential expenditures and
estimated cycles at which th&uture expenditureswill 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 relevaniser 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, Yh@fNfach
competing alternative is determined as the sum of the initial construction cost, discounted costs
for future maintenance and rehabilitatiofM&R), and discounted salvage value (Equation 1.1).
Alternatives with lower NP\s are consideredcosteffedive options for the project.

Initial Construction

* Rehabilitation

Cost Maintenance
T T T » Time
l (years)
Salvage

Figurel.1 Stream of Expenditures for Determining NPV in LCCA

V0 w0t QoI di B 000 BIER 6— YHaLdEMQ—  (1.1)

where
N = number of future costs icurred over the analysis period;
i = discount rate;
nk = number of years from the initial construction to thk& 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 cosi&dR
activities and their timing throughouhe 02 dzZNES 2 F S| OK LI @SYSyd |t 4GS
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Figure 1.2 shows the ideal (textbook) life cycles of two competing alternatives under
consideration in an LCCIKis assumedn LCCAhat the two alternativeswill provide the same

f SOSt 2F LISNF2NXIyYyOS 2N 6SySFAada G2 (GKS LINeBe2S

solely on the basis of cost.

Option A

- -
- —— e —————
~— ——— ———
hhhhh
“““““
-

Initial Const. , [ Rehabilitation %, |«—Rehabilitation N

Threshold

Option B

_______________
- bl
------
-
- -~
- ~

Initial Const. ~ <— Rehabilitation .

Serviceability/ Pvmt. Cond. Index

Threshold

Analysis Period

Hgure 1.2 Ideal Life Cycle Diagrams of Two Hypothetical &aent Alternates(1)

Two performance periods, Initial Performance Per{atbo known asnitial Service Life) and
Rehabilitation Performance Period, are commonly considered in LCCA. Initial Performance Period
represents the average time in years for a neatnstructed or reconstructed pavement to reach

Fy F3SyoeQa ONMM (1p Thk Rehabitakion R&férinande Peviodiisilak 8 tfie o
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thresholdsor criterigz however,it is only relevant for the next rehabilitatio(i). Generally,
different Initial Performance Periods are considered A& and PC@avemens. However, the

LYAGAFE tSNF2NXYIFYOS t SNA2R aKlFa | YF22NI AYLI O

of interventions (i.e. subsequeM&Ractivities), which ultimately affects the cos8,(and it can

be assumed it will also impact the resnf NPV. Since Initial Performance Period plays such a
critical role in LCCA, tHellowing questiors arise How isthe Initial Performance Period, also
referred to as initialpavementservice life, determined for each pavement typé/at isthe
actualinitial performance priod for each pavement typand is the accurate initial performance
period being used in LCCA

First, t isimportant to understand how the procedure for determining initial pavement service
life in LCCA differs from determining the @@t time to the first rehabilitation, referred to as
actual service lifén this report Initial service lifen LCCA and actual service life in practiaey

not be the sameWhile LCCA is meant to be representative of actual practices, the values used
are not directly associated with the pavement segment or project in questinoe the analysis

is being conducted prior to constructio®n the other hand, actual service life refers to the time

11



at which an irservice pavement receives the first rehabilitati Actual service life typically takes
into account the age and condition of the existing pavemantong other factors.

For comparisons of alternativeism LCCAo be of benefit the assumption that all alternatives
provide equal performance should holdie. 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 testablish initial service lifef AC and PCC pavements @ CAs 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. Theitefatsonecessaryo
understandwhat performance measureare used inpractice totrigger rehabilitation for each
pavement type.

DOTsre required to report on the condition of their pavement network to the Federal Highway
Administration (FHWA). Thisowld be a natural place to stars eaclDOTis required to report

the same set of performance measures. Specifically, €O reports Present Serviceability
Rating (PSR) or International Roughness Index (&¥ending on the functional classification
and posted speed limitas well asrutting or faulting, and cracking percent to the Highway
Performance Monitoring System (HPM3). IRI is the predominant measure for roughness and
is required for all routes on the National Highway System (ek&pt where the posted speed
limit is less than 40 mphn which casePSR may be reported instead of. IRuitting is required

for AC pavements while faulting is to be reported for jointed concrete pavements WG in
general the percent of cracking is reced for all surface types, the measurements and
calculations for this parameter are dependent on the pavement type. For AC pavements
agencies are required to repothe percentage of the lane that has fatigue cracking the
wheelpath whereas forcontinuously reinforced concrete pavementRCJ, the areas reported
should include the areaf the sectionencompassed by punchouts, longitudinal cracking, and/or
patching transverse cracking is not considered for CRIGRtly, forjointed plain concrete
pavement JPCPand jointed reinforced concrete pavementIRCP (together referred to as
jointed concrete pavements (JCR})e area reported is actually the number of slabs that have
transversecracking, taken as a perceageof the total number of slabs the pavement section

A3).

As part ofthe Moving Ahead for Progress in thes2Tentury Act(MAR21), DOEB arerequired to
establish performance targets and report progress in achieving those tardéf221
rulemaking first proposed in 2015 and madadil in 2017Jays out performance measures that
will be the basis for the targets eaBlfOTmustestablish 4). The performance measureshown

in Table 1.linclude the percerdgeof roadways in good, fair, or poor condition based on four
metrics depender on surface typePSRIRI, cracking, rutting, and faulting AR-21 performance
measures are calculated using performance metric data submittdd®¥® as part othe HPMS
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Tablel.1 MAP-21 PerformanceMeasures §)

Performance Paramete| Good Fair Poor
PSR (All)* %4.0 | >2.0and <4.( X.0
IRI** (inches/mile) <95 95170 > 170
Cracking (%) (AC) <5 5-20 > 20
Cracking (%) (JCP) <5 5-15 > 15
Cracking (%) (CRCP) <5 5-10 > 10
Rutting (inches) <0.20| 0.200.40 |>0.40
Faulting (inches) <0.10f 0.160.15 |>0.15

*On routes with posted speed limit < 40 mptiMean IRl (MRI) is used

While cracking percent is required for each pavement type, as noted previously, cracking percent
required for HPMS and MARLis not defined the same for each pavement typs.identified in

the HPMS field manual, cracking encompadsegitudinal crackingpatching and punchouts for

CRCP, the number of slabs with transverse cracking for JPCP and JRCP, and fatigue tmacking in
wheel paths for AC pavement3)(The thresholds are therefore, unique to the pavement type.

It should be noted thatccording to the MAR1 final rulemaking, data needed to determine

cracking for all pavement types except CRCP can be collected witleimaemiautomated, or

fully automated methods according to the HPMS field guidle Although semi and fully

automated crack detection methods are becoming increasingly more popular abDO crack
measurements areat uniform amongautomatedmethods. There is anngoing research effort,

NCHRP Project ®/A, 0 K+ G T AYAa a2 RS@OSt2L) adl yRINRZ RA&C
GelsSa Ay FEtSEAGESET NAFARI yR O2YLRaArAdsS LI oSY

IRI, is required for all pavement types and the method of mearsent is consistent across all
pavement types. Therefore, the concept of IRl as a common performance measure for use in
LCCAsfurther exploredin this study

1.2 Objectives and Scope
The objectives of this report are as follaws

1 To document the method®OTE are currently using to determine initial service life for
use in LCCA for both asphalt and concrete pavements

1 To documentctualservice livesit the age of the pvement at first rehabilitatiomf both
asphalt and concrete pavemertiased on historical da; and

1 To provide recommendations on determining initial service life for LCCA

To meet the objectives of this report, a questionnaire was issuddQG@ to better understand
procedures and rehabilitation activities considered in LCCA for both asphalt and concrete
pavements. Additionally, data from the Strategic Highway Research Program (SHRP3rbong
Pavement Performance Program (LTPP) standard detase (SDR) 28 was utilized for analyses
pertaining toactualservice lives.
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2 DETERMINING INITISERVICE LIFE IN LCCA

In a 2007 MississippiDOT initiated & dzZNJ3S& 2F YSYOoSNHE 2F ! 1 {1 ¢h¢
Committee (RAJ participants were asked to respond &ght questions pertaining to LCCA
procedures for pavement type selecti@d). Of the twentyone agencies (which included three

Canadian provinces) that responded, sixteen stated that they use LCCA for determining
pavement type selectiorFour agencies sited 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 conducfedm 20052006as part of a reporpublished in 2008

for South Caratia DOT 94% of participanténdicated that LCCA is used as part of the decision

making process for pavement type selectigi. (As indicated by these surveys, LCCA is widely

used and is a critical component in the pavement type selection process.

As addrased earlier, the initial performance period, or initial servite iis a key parameter in
LCCAand is defined as the timdt takesto reach rehabilitation criteria or threshold3o gain
insight into how agencies determine the initial service lifes lielpful to understand which types

of activities are considered rehabilitatiofhis information was sought in previous surveys as well
as the questionnaire issued for this study which agencies were asked to report the
rehabilitation activities consided in LCCAThose rehabilitation activities reported in previous
surveys and in the recent questionnaire aliscussedn this section.

To further understand the initial service lives considered for AC and PCC pavements, a review of
previous survey resp@es and current practices was conducted. To support this effort, a
guestionnaire was issued IDOB across the country in Mar2014 as part of this study. The
guestions specifically pertained to the procedures used to identify the initial service lifeCfor

and PCC pavements in LCCA as well as the parameters used to detbeaotialtime of first
rehabilitation The full list of questions issued is listed in Appendix A,thadesponses are
tabulated in subsequent appendices.

2.1 RehabilitationTechniques Considered in LCCA

In the 2007 Mississipf@OTsurvey, participants were asked to report the timing and treatments
considered for AC and PCC pavements used in their LCCA procé&jluxiest(vo responses were

the same, indicatinghat pavement stategies are unique to each agency. Some agencies
included activities that would traditionally be considered maintenance or preservation, while
others provided only rehabilitation activitieBor example, New Jersey DOT indicateat crack

sealing is thdirst activity consideredor rigid pavementsand it is not until year 30 when
something more substantial is considersdch asliamond grinding and 5% slab replacement. It

is not clear if this combination or any one of these activities is considereldadititation activity

in New Jersey. On the other hand, Colorado DOT explicitly stated that rehabilitation for PCC

LI @SYSy i 200dzNB HH &SI NB | FiS-tptodaf ceplandtuéni, A 2y |
0¢ RAIFY2YR 3INAYRAY Jandréphienidntoffall IGnkitBdinal Bidd @eddverse | v S &
22Ayl aSlLtlylos
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Authors of the 2008 report for South CaroliR¥OTspecifically 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 syf)ethe difference between the two
actions was not clear and definitions of rehabilitation were unique to each ag#mnss noted

that the rehabilitation activities most commonly listed included ncoete pavement
rehabilitation (CPR), diamond grinding, and joint repair for rigid pavements, and milling with
structural overlay, hoin-place recycling, ahcoldin-place recycling for flexible pavemen.(

While the Mississippi DOT survey and survegsducted for the South Carolii20TFsponsored
studywere comprehensive, they were conductbdtween2005and2007, and several agencies
indicatedthat their LCCA procedures weuader revison. Therefore to gan an understanding

of current LCCA practices, a questionnaire was istu@DTE across the countrgs part of this
study.DOB were asked to indicate the major rehabilitation treatments for asphalt and concrete
pavements considered for LCCA. As expediaded on previous nationwide surveys, responses
varied and included a range of anents for each pavement type.

The questiod G2 K G GNBIFHGYSyGa R2Sa @&2dzNJ I 3Syoe 0Oz2y
rehabilitation of asphalt pavements? And of rigidvpenent$¢ 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 alternatit#esvever,one DOTindicated

that no major rehabilitatbn is considered in their LCCAlthough it was mentioned that
rehabilitation strategies considered for flexible pavements included milling and resurfacing of the
surface or the base and surface ljftshich are activies commonly reported as rehabilitan.
Although oneDOTindicated 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 foasplaced on LCCA. With that
being said, manipOE utilize common rehabilitation types regardless of their use of LCCA.

Major rehabilitation treatmentsare summarized in Appendixalid aregrouped by like treatment
type; full responses are reported in Appdix D As expected, thexact specifications and details
associatedvith each treatment typerary byDOT Specifics such as amount of milling or overlay
thickness are listed where details have been provided.

2.2 Initial Service Life Values

The previous sueys conducted on the topic of LCCA asked agencies to report information
related to initial service life. In th2007 Mississippi DOT survey, agencies were asked to report
the year each rehabilitation treatmems accounted for in their LCCB)(As noted arlier, some
agencies include botM&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; ethit may be a maintenance or pavement
preservation activity. Therefore, to summarize the initial service life values previously reported,
informationregarding reported rehabilitation techniques used B (summarized in Appendix
K)along with engineering judgment was used to identify the activity or activities reported in the
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2007Mississippi DO3urvey that most likely represent rehabilitatiofhe timing associated with
the perceived rehabilitation activity was then summarizeddach state agency ifable 2.1

Two surveys within the context of LCCA procedures were issued fastualg conductedoy

Rangaraju, Amirkhanian, ar@uvenfor South Carolina DOgublished in 200§7). In the first

GLINBE AYAY Il NBE adzpMIds & ar & Swbislthi ifitkiRariogdnancd parisd

assigned for flexible pavements and rigid pavemkrtg).ly (1 KS &S 0O2 y ksuddinmh y I f €
2006 the question was phrasedas2 K & A& GKS GAY @ WhileFbotNE G NI
surveys were put in the context of LCCA, neither question explicitly asked for the value used in
GKS | 3Syo0eQa [//! LINPOSRAINBE® ! NBOGASs 2F GKS |
KFR Sy TS6SNI NBaLRyaSa (Kl y edtkarespdnitedto BotiA y I NB
surveys, the responses for each were the same or generally very sifiakalues summarized
Ay GKS dFroftS 0St2¢ OAMdcighONRY redpdaded to the 20068 £
survey for theSouth Carolin®OFsponsoedstudy, it was reported in the latef2007) Mississippi
DOTsurvey that thé& LCCA procedures were undergoing revisitimsrefore, their results have
been excluded from the table belows,(7). Although Washington State DOT respondedhi®
Mississippi DOBurvey issued in 2007 artie survey issued ir2006 as part of the study
conducted for South Carolina DOfesponses between the two vied slightly for flexible
pavements; thereforeresponses for each suryare shown in the table balv. Where indicated
GAGK |y a-¢ Ay ¢lLofS nom GKS aaz20AFdSR {ald
an updated value for the years to first rehabilitation or confirmed the value listed in previous
surveys is accurate.

a dzNJI

Table2.1 Previous Survey Findings on Years to First Rehabilitation in LEGA (

Flexible Pavements| Rigid Pavements Survey
State Years to First Years to First Mississippi| SouthCarolina| SAPA,
Rehabilitation Rehabilitation DOT, 2007 DOT, 2008 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 23: CPR X
32: Overlay 33: CPR
GA 10 CRC: 25, JPCP: 2 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: Interstate X
15: Other routes 25: Other routes
MD 15 20 X
Mi 26 26 X
MN 20 (Overlay) 20 (CPR) X
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Flexible Pavements| Rigid Pavements Survey
State Years to First Years to First | Mississippi| SouthCarolina| SAPA,
Rehabilitation Rehabilitation DOT, 2007 DOT, 2008 2016
MS 12 16 X
25 (Grinding and
MO 20 (Overlay) patching 1.5%) X X
MT 19 20 X
NE 15-20 35 X
NJ 15 30 X
NC 12-15 15 X
OH 14 (Overlay) 22 (Ginding) X
15 (2%Patching,
50%Grinding)
PA 15 25 (4%dPatching, X
100%Grinding)
Superpave/polymer
sC modified surfaces: 175 20 X X X
Conventional
surfaces: 12
TN 10 15 X
UT 1215 JPCP: .1M_|nor, 20 X X
Grinding
VT Varies 20 X
WA 15 20 X X
WI | 18 (HMA Overlay) | 2° (CPRor HMA X X
Overlay)
wy 20 20 X

The reported initial service lives shown in Table 2.1 ranged betwestd 26 years for flexible
pavements with the majority of agencies reporting values betw&érand 15 years. For rigid
pavements, reported service life ranged frab@ to 35 years with the majorityof agencies
reporting a value oR0to 25years.These wide ranges initial service lifeeported among the
participatingDOE could in partbe 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 agencyto 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 alternativiesprovide the same lesl 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 report&l (Responses
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varied between historical data, astress or pavement condition index, and a combination of
visual inspection and available fundinghe 2007 survey initiated by Mississippi DOT asked
agencies to indicate whether the type and frequency of the treatmentssidered in LCGrRere
based on himrical or theoretical dataf). The majority oDOE indicatedhat historical data was
used to determine the type and frequency of treatments, although some agencies indigated
combination of historical data and modeling or engineeljugment

After reviewing DOBQpractices for LCCA procedures, authors of the 2008 report to South
Carolina DOT proposed the use of a probabilistised LCCA approachhis approach uses a
statistical analysis of historical informatiomcluding the location, type, antiming of past
rehabilitation and maintenance activities to develop initial service fjeflowever, the authors

Ol dziA2ySR (KI{ dzaAy3d KAald2NRAOIE RFEGIF aYle& y2i
due to the significant changes in batiaterials and pavement desighhis could be inferred to
alsoapply to the life of new pavements. For this reasand due to the lack of comprehensive
historical data, researchersproposed that for LCCA initial service lifeand subsequent
performance peiodsare representative of actuglractice @ndit could be assumed to also mean
current practice) and incorporate expert opinion. As a result, initial service lives were
recommended for AC and PCC pavemeassshown belowlt should be noted that the itial
service lives shown in Table®vere 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 procsssl.

The proposed probabilistic approach usedtriangularprobability 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).

Table2.2 Proposed Service Liféalues for LCCAY

Initial Service LifeYeas)
Flexible: Flexible: Rigid
Conventional HMA Polymermodified HMA
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 proosssito 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 agsmaireport on the method utilized

to determine initial service life used in LCCA procedures. Specificallp|lthweing question was

asked:a | 29 R2Sa @2dzNJ F3SyO0e RSIUSNNYAYS GKS GAYS @
rigid pavements in your>ésting LCCA proced®e ! RRAGA2y I ff &2 NBaLRyRS
indicate what performance parameters, if any, were used in establishing the initial service life.

Thirty-four DOE responded to the survey. Four agendidskansas, Arizona, New Mexico, and
Oklahoma DOTsidicated that LCCA is not currently used or is under developniichigan
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DOTindicatedthat the time to first rehabilitation has not yet been determinemhd Colorado
DOTindicated 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.

1 While it is generally assumed that initial service life fsxed value for each pavement
type, two agencies indicated that initial service life is determined on a prbjggiroject
basis
o MontanaDOTA Gl SR GKIFG AYAGALFE aSNIBAOS tAFS A

project historyd €

o Oregon DOT statedthii G KS GNBKFOATAGEGA2Y -shetifiel G ST
Ol aAade

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

Condition Rating (PCR) and historitede between rehabilitations were usetb
determine initial service life for flexible pavements only.

o KentuckyDOTindicatedthat actual PMS data were utilized for establishing difeles
for interstates andparkways.

1 The next most common method of determining initial service life for LCCA utilizes
engineeringludgmentor experienceThis includes committee consensus and/or basing
the decision on state, regional, or national practice.

0 Although Ohio DOT utilized histoal 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 treeslatatewide and national practices to
develop their initial service life for use in LCCA

o Louisiana, Kentucky, and South Carol@Tgeported thatexpert consensus led to
initial service life. Louisiana and Kentu€@Tdoth stated that the initial seice life
was determined through the use of committees and industry input. In Keniticg&y
service life determined in this fashiomas considered only for routes other than
interstates and parkways.

o Pennsylvania and Tennessee DOTs utilized past experieraxgive at their initial
service life. PennsylvanizOTused experience on the timing of activities (routine and
preventive maintenancas well ageconstruction) in conjunction with industry input.
TennessedOTleaned on their past experience with ageughness, and levels of
distress to determine service life.

o In Montang engineeringjudgment was used to establish initial service life by
O2YyAARSNAY3I (GKS at20FtAT SR LINR2SOUG KAal?
performance measures such as rigigality, rutting, and cracking.

1 Several state agencies considered various distresses or condition indices to establish
initial service lifdor LCCA
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o AlaskaDOTonly uses flexible pavements, so LCCA is not used for pavement type
selection but to comparalternative designs for asphalt pavementstial service life
was determined based on performance parameteénsjudingPresent Serviceability
Rating(PSR) as a function of rut depth amternational Roughness Ind¢iRl).

0 North Carolina and New Jers®OTs also utilized condition indices for establishing
their service lives. North Carolifi20Treported that the pavement condition rating
6t/ wo F2NJ FEtSEA0ES LI @SYSyiGa A& aKSIOAf @
for jointed concrete pavementshe PCR considers faulting, patching, and broken
slabs. New JersepOTbased their initial service life on their surface distress index
(SDJ, which considers the type, exterdand severity of each distress.

o Colorado and Florida DOTs both considered paverdistresses; however, Colorado
DOThas only done so for rigid pavements. Distresses considered by Colo@do
include longitudinal and transverse cracking, corner breaks, IRI, and rutting. Florida
DOT usdthresholds for cracking, rutting, and ride raigs to determineanitial service
life for LCCA

o In Oregon, the selection of a rehabilitation strategyas based on various
performance parameters andad R 2 Yy S 2 yspdcific bdsiSIEh& Bu@nieters
considered for flexible pavements include tdpwncracking, studded tire wear rates,
and miscellaneous environmental factors. Factors considered for rigid pavement
include studded tire wear rates, punauts, and deicer surface deterioration.

1 Two states reported that they considered pavement desifgnvihen establishing initial

service life for LCCA.

o0 ConnecticutDOTindicated that the time to first major rehabilitatiom their LCCA
procedureis dependent on the pavement design lif®r flexible pavement design
initial service life is set as (i & S/éaB Before the design life of the structure or 18
years, whicheveist I i BoNdgid pavementst is set atl2 years prior to reaching
the design life of the structure.

0 Although MontanaDOT indicated that engineeringudgment was employed to
establish initial service life, it was also stated that timing of major rehabilitation is
I 343 dzYSR (G2 200dzNJ al FGSNI GKS LI gSYSy (i aSNX

NevadaDOTindicated that initial service life was based on pavement age.

HawaiiDOT indicated that initial service life was based only on assumed years to first

rehabilitation.

= =4

DOBwere asked if their procedure for determining initial service life had been valid&igtit
agencies indicated that their procedure had been validatetlile three indicated that the
validation had been completed to some degree. EIQQAYE 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 datBull respnses 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 rehabiliation for each pavement type or categorihis procedure of basing initial
service life in LCCA on the average time to first rehabilitation from PMS data is nokme2004
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Wisconsin Transportation Synthesis report found that the majority of studiesecel® actual
service life were (at that time) actually aimed at determining average times to first rehabilitation
for LCCAg). As noted here, many agencies are still using this method. However, advancements
have been made in the pavemesngineering fied, particularly in the area of flexible pavements.
These advancements, such as improvements in pavement design from empirical design systems
to mechanistieempirical design, use of resourcesponsible materials, and improvements in
construction equipmentand practices, will likely have an impact on service W&h many of

these advanements leading to longer service livesverage time to first rehabilitation from
historical records may not accurately represent future life of new or reconstructed pawsme
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 historidbased initialservice lifeis 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 oedwen a pavementhas

reached performane thresholds for a number of reasons. There is typically a lag between the

time when the need for rehabilitatiors recognized and when the project is actually let baii.

Budget constraints may delayrehabilitation project Political issues can alsbift the timing of

a rehabilitation project by moving rehabilitation yprior to reachingestablished threshold

valueg, which can indirectly affect other potential projects by diverting funds from one project

to another.In summary, lhte time to first rehabilitation in PMS data is very dependent on an
F3SyoeQa LINF OGAOSE IyR NBKIFIOATAGEFEGAZ2Y (GNRIISN.

3 DETERMININGCTUAL SERVICE LIFE

Initial service life in LCCA is defined as the timtakes to reach rehabilitation criteria or
thresholds. Inpractice, grvice life is not always clearly defined, as was foundhe 2004
WisconsinDOTsurvey of AASHTO RAC memb@&)s The survey sought to understand how
F3SyOASa RSTFAYSR 2NJ dzyRSNRG22 R d Lla@boneS §6ri & S NI
which it is defined or trackedourteen 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 rebéitation 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@ the need for major rehabilitation or full reconstruction). A

recent Colordo 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 ©). Von Quintus et al. defined service life in their investigatibexpectedservice life

2F | al LI gSYSyida Ay J[¢tt & GKS aqGAYS Ay @&
rehabilitatonori 2 'y dzyl OOSLII I 6fS O2yRAOLAZY 2F (GKS LI |

Previous efforts have been conducted to determanetual service life based onistorical 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 (L1). Combining historical values with resultsrfr 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 oRCP pavements in Georgl&)

As noted earlier, basing service life on historic data alone may not capture advances in design
and construction. For this reaspWon Quintus et al. chose to use levefspavement condition

(low, moderate, and excessive) develop expected service life estimates for asphalt pavements

in LTPP10). 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 &wements
constructed with Superpaviot-mix asphalt (HMA) using thresholds from their mechanistic
empirical pavement design procedur® (

Other research efforts have looked at the time to reach just one threshold. In addition to
RSOGSNNXAYAY3I aSNBAOS tAFTS 27 tik8rst Maokrehatditatd y ONB (
Tsai et al. also conducted an analysis to determine servicebdiged on a predetermined

threshold value for faulting index2). In a 2008 study, researchers utilized a common IRI value

to estimate service life for both asphalt and concrete pavements in Kaf3gadt(is important

to understand both aspects of the fieition of pavement service life: historical time tioe first

major rehabilitation and the performance measures used to define unacceptable condition
(which necessitates rehabilitationTherefore a review of agency practices for determining the
actualtime of first major rehabilitation bin-serviceasphalt and concrete roadwajsnecessary.

3.1 Review of Agency Practices for Determining Actual Service Life

As part of the questionnaire issued for this stuB) B were polled about the decisiomaking
process utilized to determine the actual timing of a major rehabilitation of their interstates
Thirty-four DOB answeredwith a variety of responsesssummarized belowrull responses can
be viewed in Appendix From the responsed can be surmised thataehDOTutilizes a process
that is unique to their state and dependent on a number of factors. Genef2dyE indicated
that their decisionmaking process consisted of reviewing pavement condition data from annual
surveys In many casesthe process also incorporatdeother factors such as funding and/or
functional classification of the roadways. Whdach DO process wasinique, there were
commonalities in terms of the types of processes used to arrivbetactualtime to the first
rehabilitation. Smilar processeswere grouped togetherbut many aspects of the reported
methods overlapResponses are summarized as follows

1 The majority of agencies that respondediicatedthat their decisioamaking procesfor
the actual timing of rehbilitation for interstate pavementsvas based mainly on
pavement condition data or pavement conditiamdices Additionally, severahgencies
indicated thata condition index or condition dataiggerrehabilitation
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Several agencies responded that a donation of pavement condition data and other
factors were used to determine actual timin@ther factors included cost and benefit of
rehabilitation, construction history, traffic, field observations/visual distress, or need for
capacity.

o Two agencigsAlabama and Marylandhoted that there was no formabr uniform
process for arriving at the timing for rehabilitation. However, batfenciesndicated
that several factors were considergichicluding both objective information, such as
PMS optimization redts, rehabilitation history, or falling weight deflectometer
(FWD) testing, and subjective information, such as perceived rehabilitation needs
from district or regional officesr political considerations.

o0 SeveraDOT, such as Kansas, KentucWjestVirginia and UtalDOTsindicated that
analysis of PMS data or optimization conducted within the PMS itself wasabetp
identify candidates for rehabilitation. In some cas#ss consisted of predicting
future condition and considering available fung. One agency indicated that trigger
valueswere used as part of the PMS analysis. Another agevwsst Virginianoted
that PMSidentifies rehabilitation candidatesalthoughother candidateswvere also
identified subjectively, and botkwvere evaluated agart of the annual resurfacing
program

0 Some agencieghat used PMSto help identify candidates for rehabilitationsuch as
Missouri, South Carolina, and Utampted that theyconduced a review of those
candidates before approval.

One agencyHawaiDOT stated that no trigger valuavas currently being used; however

the procesdor decisioamakingwas not describeth its response

One agencyLousianaDOT indicated that timingwas based on experienc@owever, it

was inferred in otherDOEQresponses that experienceas also factored into their

processes.

One agencyNorth Carolinastated thata 10-year planwas beinglevelopedfor managng

their interstate pavementsSimilarly, Califaria has also implemented a terear plan and

also has dive-year plan for maintenance projects.

Based on the summary of responséss evident thatthe primary factors considered in

arriving at the actual timing of rehabilitation for interstate pavements is pavement

condition or pavement conditionndices PMS analyses, and threshold values for
performance or condition.

3.2 PerformanceMeasures Considered for Actual Service Life (Rehabilitation Triggers)

Based on thevariety of methods reported for determining actual timing of interstate
rehabilitation, thereis a need to investigate thiypes ofperformance measures that trigger
rehabilitation activities among each pavement type.

3.2.1 Previously Reported Performance Measures Used in Rractic

In the 2009 Pavement Scores Synthesis repD@E were surveyed tssummaize their
pavement scores and rating methods iz#ld across the countr§il4). Agencies were also asked
to note if those scores were used identifying pavement maintenance or rehabilitation
activities However, agencies were not asked to differentiite scores or methodbetween
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asphalt and concrete pavementd/hile the methods for computing pavement scores or ratings
varied widely,23 DOE associated their pavement scores with recommended pavement
maintenance or rehabilitation activities add OB used decisionreesto identify M&Ractivities
Table 3.1 summarizes the pavement scale and M&R action reportde: 2009synthesiq14).
Some agencies provided more detail than others onNf&R action It is evident from this table
that thoseindicesused toidentify M&R actons are unique to each agency.

While agencies also reported the distresses included in their condition surveys, it is difficult to
discern from the repor{14) specifically what parameters were used to compute the scores listed

in Table 3.5and how those parameters differ by pavement typapagiannakis also aske®E

gKIF G AYRSE Aada 0SAyY3 @&S RIGERS RIWA BSNRhA BHDEGBRRNI O A & A
that responded, nine indicated that one or a combinationrafices is used. Only one agency,
Arkansa®OT indicatedthat their PMS does not drive network level pavement repair decisions.
Although the index itself may not be consistent among the nD@TB, there are some
commonalities. Roughness or ride was repdras a component of the index or indices used to
trigger network level pavement repair for five of the niB®® and was the main component

used by Arizona DOT. Other performance measures considered included cracking, reported by
five DOB, andrutting, reported by fourDOE.
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Table3.1 Pavement Scores and Recommended M&R Acticaftef 14)

State Survey/Score Name Score/Sale Description M&R Action
AL None 0-100 N/A Overlay at 55
1 Excellent Preventive maint
Pavement Condition Survey 2 Goqd : Preventive maint
CA (PCS) 3 Fair Maj_or rehab or replacement
4 Poor Major rehab or replacement
5 Very Poor Major rehab or replacement
RSL > 11 Good None
Remaining Service Life (R&h) 6¢10 Fair None
CO
years) 1¢5 Poor None
0 Due Need rehab
4¢5 Very Good Routine maint
Overall Pavement Condition 3c4 GOC.)d Prevent!ve ma!nt
DE (OPC) 2.5¢3 Fair Preventive maint
2¢25 Poor Rehab
<2 Very Poor Reconstruction
10 Best Preventive maint
6.4 Sound condition Preventive maint
" . Not considered to be
FL | PavementCondition Rating (PC| 6 deficient when speed limitiy Major rehab or replacement
<50 mph
0 Worst Major rehab or replacement
Pavement Condition Evaluatiol 100¢ 75 Excelleqt/Good
GA System (PACES) 70¢ 75 Fair Rehab.
<70 Poor/Bad Resurfacing
7.6¢9 Excellent Preventive maint.
IL Pavement Condition Survey 6.1¢7.5 Good Acceptable condition
(CRS) 4.6¢6.0 Fair Repair in the short term
0¢45 Poor Immediate major rehab
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State Survey/Score Name Score/Sale Description M&R Action
80¢ 100 Excellent Preventive maint
. 60¢ 80 Good Preventive maint
1A Pavement Condition Index (PC 40¢ 60 Fair Major rehab
0¢39 Poor Reconstruction
1 Smooth/no distress Smooth/nodistress
KS Performance Level (PL) 2 Require routine maint Require routine maint
3 Require rehab Require rehab
Sufficiency Rating (SR) SR:1.@ 2.5 Good pavement Preventive maint
M1 Distress Index (D) SR:3.¢ 3.5 Fair pavement Major rehab or replacement
Remaining Service Life (RSL _
Ride Quality Index (RQI) SR:4.@ 5.0 Poor pavement Major rehab or replacement
NHS  Arter Coll
P t Serviceability Rati Acceptable PSE X0 H X0 M X 0 N Preventive maint
MO resen e(rF\)/g:Fea;;l fity Rating Marginal PSR | 29-32 2931 29-30 Asphaltsurface treatments
Unacceptable Rehab as per RTD-023/RI00
PSR <29 <29 <29 008
9¢10 Excellent/No distress
Good/Distress begins to .
NY | Pavement Condition Index (PC 7c8 show Treatmen(tPSE?ZcF'g)on Report
6 Fair/Distress clearly visible
1¢5 Poor/Distress freq/severe
Pavement Condition Rating (P( . Rehab triggered by individua
NC plus individual distress indices Good: PCR>80 distress indices rather than P(
90¢ 100 Very good Preventivemaint.
75¢ 90 Good Preventive maint
. . 65¢ 75 Fair Major rehab or replacement
OH | Pavement Condition Rating (PC 55¢ 65 Fair to poor Major rehab or replacement
40¢ 55 Poor Major rehab or replacement
0¢40 Very poor Major rehab or replacement
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State Survey/Score Name Score/Sale Description M&R Action
100¢98.1 Very Good Preventive maint
OR N 98.0¢ 75.1 Goqd Ereventive maint.
(NHS) Pavement Conditiosurveys 75.0¢45.1 Fair Minor level of repair
45.0¢ 10.1 Poor Major rehab or replacement
10.0¢ 0.0 Very poor Major rehab or replacement
1.0¢1.9 Very Good Preventive maint
OR . L 2.0¢29 Good Preventive maint
Visual survewnd subjective : . .
(non rating 3.0¢3.9 Fair .Mlnor level of repair
NHS) 4.0¢4.9 Poor Major rehab or replacement
5 Very poor Major rehab or replacement
4.1¢5.0 Very good Preventive maint
3.4¢4.0 Good Preventive maint
SC Pavement Quality IndefPQI) 2.7¢3.3 Fair Minor level of repair
2.0¢2.6 Poor Major rehab or replacement
0.0¢1.9 Very poor Major rehab or replacement
5 Best Detailed method. In general,
principal arterial resurfacing fo
sD Pavement Serviceability Ratin| 3 (2.6<PSR<3.0) and
(PSR) 26 reconstruction for (PSR<2.6)
For other functional classes
0 Worst reconstruction for (PSR<2.6)
4.0¢5.0 Very good Do nothing
3.5¢ 4.0 Good Routine and{or preventive
maint.
TN Pavement Quality Index (PQI] 2.5¢3.5 Fair Eligible for resurfacing prograr,
1.0¢2.5 Poor Added to resurfacing progran
0c1 Very poor Mandatory field review

performed
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State Survey/Score Name Score/Sale Description M&R Action
100¢ 40 Acceptable None
VT PCI
<40 Unacceptable Rehabilitation or reconstructiof
>90 Excellent
70¢ 89 Good - .
VA | Critical Condition Index (CCIy  60c 69 Fair Dec's'%%t{ ees; In geh”ega" cC
50¢ 59 Poor riggers reha
<49 Very poor
100 Excellent None
WA Pavement Structural Conditior] 100¢ 50 Good None
(PSC) 50 Fair Due
<50 Poor Rehabilitation or reconstructiof
5 Excellent
4 Good
WV 3 Fair
2 Poor Rehab at 2.5
1 Very poor
0¢19 Very good Preventive maint
20¢ 39 Good Preventive maint
Wi Pavement Distress Index 40¢ 59 Fair Major rehab or replacement
60¢ 79 Poor Major rehab or replacement
80 or more Very poor Major rehab or replacement

Erra in cited document, tablgresented herereflects values reported ithe following sourcedocument: Missouri DOT, Missouri Guide for

Pavement RehabilitatiolReport No. RDT 62L3/RI06008, Missouri DOT, Jefferson City, MO, 2002.
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3.2.2 Performance Measures Used for Determining Actual Service Cifgent Practices

Although the Rvement Scores Synthesis rep@it}) provides insights into the performance
measures considered for recommending M&R activities, the report was published inaBd09
severalDO'E indicated that they were in the process of changing their process for rating
scoring their pavementsTo gainan 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 studyull responses to thquestionseloware listed in
Appendix H and I, respectivelypecifically, agencies were asked:

1 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 threshaged to trigger
overlay or rehabilitation?

1 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 sthathat some form of a condition or performance
index (or indices) was used to monitor the performance of their pavemaéisnesotastated

that decision trees are utilized and provided a link to the supporting documents. They also
indicated that threshold are irrelevant as more pavements fail established performance targets
than can be funded. Although various indicegludingRide Quality Index (RQI), Surface Rating
(SR), Pavement Quality Index (PQI), and Remaining Service LifariR8k¥ociated ttesholds

were included ina A Yy Y S &écisibnQrées, ther factors were also includetb identify the
necessary treatmenflhese 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. Arizom#OTalso indicated that decision trees arsad, and that
rather than using an index, individual performance indicators such as IRI, craokiirgiting,

as well as cosgeffectiveness analyseserved as triggers. Specifically, two triggers were provided:
IRI greater than 10@/mi and cracking grater than 15%lt was not stated how the decision trees

in Arizona differ by pavement type.

California(Caltrans)ndicated that pavementbave traditionally been rateednd placednto one

of five categories, each color coded to reflect the type of praj@nd cost. These five categories
were consolidated itheir previous State of the Pavement Reparito three conditiors: good,

fair, or poor.Good(corresponding tgavements ratedyreen)and fairpavements(those rated
yellow)were addressed with Highay Maintenance (HM) projects, while poor pavemefrtged
either blue, orange, or redyarrantedState Highway Operation and Protection Progi&@HOPP)
projects.Beginning with their 2017 tegear plan and moving forward, Caltrans has adopted the
MAR21 performance measures otracking, ride, faultingand rutting. Each performance
measureis evaluatedindependently and rated as good, fair, or podhe overall pavement is
then rated as good, fair, or poor based on the combination of ratings for each pwaafae
measure. If all performance measures are considered good, the overalj fatinhe pavement

is also goodif at least two of the performance measures are rated as poor, the overall rating is
considered poor. A pavement receives an overall ratinigiofif it does not fall into either good

or poor categoriesThe 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), falyellow) and poor (red) are also shown in Figure 3.1.

Priority Matrix for 0.1-mi Sections

Asphalt Pavements

RYG ROBYG
Alligator B Alligator A IRI Reason
g g Condltlon Condition
Low IRI
Alligator B < 5% Alligator A <5% IRI <= 170 in/mi Very Low B Cracking

Very Low A Cracking

‘ Alligator B < 5% Alllgalor A>=5% | IRl <= 170 in/mi YELI_UW YELI_UW n Cracking

‘ 5 <= Alligator B < 10% ‘ Any ‘ IRl <= 170 in/mi ‘ YELLOW ‘ YELLOW Low B Cracking

Alligator B < 5% _ IRA > 170 in/mi mm High IRl Only
- B High IRI
— 0,
> Mlleatorfi=1oe _ 11> 410 n/mi m Low B Cracking

10 <= Alligator B <= 30% Medium B Cracking

Alligator B > 30% Any Any RED High B Cracking

Jointed Plain Concrete Pavements

RYG ROBYG
Condition | Condition

Low Cracking
3" Stage Cracking < 3% Faulting <= 25% IRI <= 170 in/mi Low Faulting
Low IRI

3 <= 3" Stage Cracking <= 10% | Faulting <= 25% IRl <= 170 in/mi YELLOW | YELLOW Medium Cracking Only

Medium Cracking
3 <= 3" Stage Cracking <= 10% | Faulting <= 25% IRI > 170 in/mi BLUE Low Faulting
High IRI

3" Stage Cracking Faulting* IRI Reason

Medium Cracking

ORANGE
High Faulting

Low Cracking
nd
3 Stage Crachng ) ﬁ = oRATeE H.'gh Fau“ing

3" Stage Cracking > 10% Any High Cracking

*Faulting: percent of the elements with faulting height greater than 0.15 in.
Figure3.1 Caltrans Priority Matrix

Sventeen agenciasa little over haliof the agencieshat responded indicatedthat an index is
used to trigger an overlay or rehabilitatioBachl 3 Sy O & Q &stoNdB guediofisnSuded
under Question 2 (AppendicescH) were used tocompile the information infable 3.2 Some
agencies indicatethe index, parameters it is a functiof, or the trigger values themselves differ
by pavement typetherefore, where provided, this information has been included in the table.
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Not all of the triggers were provided some case®ut rather subsets, or examplesere 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
referencesan agency specifically listed or provided.

The indices and triggers varied from ageroyagency. With the exception of Arizona and
WashingtonDOTs 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
standalone triggers. Otheragencies 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 & 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.oine scases, such as
Connecticut, Utah, and West Virgid® Tstrigger 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
O02YY2y (2 SIOK F3SyOeQa Ay RAsedSohapackihd BughngsRA OS &
(IRI), and rutting for flexible pavements and faulting for rigid pavements.
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Table3.2 Indices Used to Trigger Rehabilitation

State Index Function of Trigger Values for Reliitation
Present ServiceabilitRating
AK (PSR) Flexible:Rut Depth and IRI PSR 3.0
0 (poor)¢ 5.0 (very good)
Pavement Condition Rating Composite index based on semi
AL (PCR) automated distress survey PCR <55
AR Pavement Condition Index (P( Flexible: IRI, Rutting and Cracking t/L % cp
0 (Good)¢ 100 (Poor) Rigid: IRI
Scale: @ 10 Examples Provided
Flexible: transverse and namheelpath Structural Rehab (Composite):
Environmental Cracking Inde cracking 3.5 <Ride Index < 5.0
Composite: nofoint related cracking OR
Ride Index IRI transformed to €10 scale 3.0 < Environmental Index < 5.25
OR
3.5 < Structural Index < 5.0
Structural RehalgFlexible):
or Flexible: wheglpgth and some non 3.0 < Structural Index < 5.0
wheelpath Iong:;g:(r;s;(at rightedge) Structural Overlay + Joint Repair (Rigi
Structural Cracking Index | Composite: transverse cracking in exce 4.0 <Ride Index < 7.0
of expected sing!e reflection crgck,. plus Structural Overlay + Joint Repair
wheelpath and right edge longitudinal oo,
cracking (Co_mp03|te).
3.0 < Ride Index < 4.5
OR
2.0 < Environmental Index < 4.0
OR
3.0 < Structural Index < 4.5
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State Index Function of Trigger Values for Reliitation
Scale: @ 10 / N} 01 LyRSE
Rut Rutting (Flexible) VOAR A s
FL _ _ - WARS LYRSE X
Crack Not provided(Flexible and Rigid) OR
Ride IRI(Flexible and Rigid) wdzi LYRSE X
IA PCI Pavement type, individual distress type G DSy SRGl&@oe ¢
Distress state
Flexible:
First digit: Indicator ofoughness based o _
. PL=3
IRI in right wheelpath . : .
TN Any of the following distress states ig
Second digit: Indicator of transverse . 2
: equivalent to PL = 3: 312, 313, 3223,
Performance Level (PL) base cracking
KS o e : 331-333
onthree-digit distress state Third digit: Indicator of rutting - . .
Rigid: Individual values that define distress
: o gid: states are based on optimization anc
First digit: Indicator of roughness based therefore varv from vear to vear
IRI in right wheelpath Y y y
Second dii: Indicator of joint distress
Third digit: Indcator of faulting
DI: Level of surface distress, project
history, and projected growth of
M Distress Index (DI) and pavement surface distress. Wil X u 6@ 5
RemainingService Life (RSL) RSLEstimatednumber of years from a N
specified date in time, until a pavement
section is projected to rezh a DI of 50
MT Ride IRI Examples Provided
Rut Rutting Overlay:Ride = 69.9
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State Index Function of Trigger Values for Reliitation
Alligator Cracking Index (ACI Alligator cracking Minor RehabRide = 57
Miscellaneouracking Index Transverse/lonaitudinal crackin Major RehabRide = 30

(MCI) 9 9 Overlay or Minor Rehal65 < ACI < 80
Includes cracking, both wheelpath and
NC Composite PCR environmental, rutting, ride, raveling, Unclear
bleeding for flexible
SD For minor rehab of asphalt & concrets
i Severity and extent of distres$RRI not pavementsm®n X { 5L
NJ Scale: @ 5 .
(5 = distressree pavement) used For major rehab of asphalt & concrets
pavementsSDI < 1.0
Point Rating Index (PRI) R, frlc_tlon, rutting, fatigue and_block Overlay:400-699
NV cracking, nonwheelpath cracking, , Lo
Pavement Age : : ) Major rehabilitation: > 699
patching, flushing, raveling
Distressand rut are primary triggers.
Triggers adjusted to the appropriate
rehabilitation type commensurate with
. Detailed condition assessment complete where they are on the Pavement
Condition hdex . : : A A,
OR Scale: @ 100 every two years, including distress, rut Management Curvel D S Yy SENJI
' roughness, and friction NHzG GAYy3 I ¢é GNR
widespread low fatigue or intermittent
moderate fatgue would likely trigger
action on the interstate
RIDE Roughness based on IRI c te Grindi L5a 2NJ ¢
Structural cracking fromorner breaks ang oncrete Lrindingy
CONK FYR / hbY x yn |
cracked slabs :
: : . . Concrete Minor Rehab: RIDE, FALT
FALT Faulting (difference in slab elevation)
ut Joint index fron spalling andsphalt fhbYy 2N We{t KT
JONT atc'[r’"n g P | 2y ONBGS al 22 NJ w
ITSP ] pt I g q Low,Medium, or High Seal: RIDE, RLU
oint Spatl Index YR 9b+/Y X Tn
RUT Rutting
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State Index Function of Trigger Values for Reliitation
Functional Repait Interstate & Level 1
ENVCK Environmental cracking (transverse, RIDE, RUT, or ENVCK < 70 and RI[
longitudinal, block cracking) wi ¢ YR 9bx/Y B
Functional Repar Level 2RIDE, RUT
or ENVCK < 70 and RIDE, RUT & EN
> 50
WPCK Wheelpath cracking (cracking due to | Agphalt Minor Rehab: RIDE, RUT, o
fatigue) 9b+x/ Y f cn 2N 2t/
60
laLKIFEaG alk 22N wf
Pavement Structure Conditior Cracking 45 < PSC < 60
WA (PSC)
Pavement Ruttin@ondition Rutting Rut > .50 inches
Pavement Profile Condition IRI IRI > 220 inches
Composite Condition Index | Flexible: Mnimum of PSI, SCI, ECI, and
(CCI) Rigid: Minimum of PSI, JCI, CSI
PSI IRI
Flexible Pavements:
Rutting Depth Index (RDI) Rutting
Structural Cracking Index (SC Fatigue cracking and longitudinal cracki Thick OverlayCCl: X 2.5
WV Major CPRDiamond Grind:

Environmental
Cracking Index (ECI)

Net Cracking Index (NCI)

Rigid Pagments:
Joint Condition Index (JCI)
Slab Condition Index (SCI)

Transverse cracking and block crackin

Index is a function of a combined ECI a
SCI

Faulting and Joint Distress
Transverse and Longitudinal skedacking

CCl: 2. 3.25
ReconstructionCClI: @ 1
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3.2.3 Use of IRI in Determining Actual Service Life

As notedin the previous sectigncondition indices and associated threshold values that trigger
rehabilitation are unique to each agency and ,am part, dependent on pavement type.
However, some common performance measures asedfor each pavement type, such as
various types of crackingnd rutting for flexible pavements and crackintaulting, and joint
distressfor rigid pavements. Pavemenbughness, often characterized by,IRhs commonly
reported as part of the condition indices used to trigger rehabilitation. Unlike craokimgh is
classified into various typesych aslongitudinal, transverse, slab, wheelpath, etc.) for each
pavement type, pavement roughness wasmmonlycharacterizedy the same parameteiRI,
regardless of pavement type. Given that this is the only performance measure common to both
pavement typesthe role of IRI in determinintpe actual time of rehabitation was investigated
further, asit may bea good candidate for basof achievingqual performance or user benefits
in LCCA. As part of the questionnaire issued for this study, agencies wetkhask roughness

(in terms of IRI) factors into the decistomaking process to determine the actual time of
rehabilitation of their asphalt and concrete roadwaigesponsegenerally fell into five different
categoriesand are summarized belo(full resporses are listed in Appendix.G)

1 IRl is part of an index or PMS model used to make the decision

0 Nine agencies stated that IRI is part of their condition rating or indib@e of those
agencies indicatedhat IRI plays a significant role in their decisioaking process.
Arkansa®OTstated that IRI accounts for 50% of the overall condition index, PCI, for
flexible pavements. Kansas stated that although it is ont@#ariablesmakingup
the condition index, it is a significant component of their condittmsessment and
decisionmaking process.

1 IRl is one factor considered

o IRI was one of the triggers ie\&n agencieshree ofthose agenciesdicatedthat
IRl was more of a secondary trigger. Washington stated that IRl serves as a trigger
with a threshotl value of 220n/mi and IRlis 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 criteion of 170in/mi is considered, IRI is not the sole performance measure
that can trigger action. OregoBOTreported similar use of IRI, as it is used as a
secondary trigger rather than a statadone trigger. ColoradBOTalso indicatedhat
it is oneperformance indicator that could trigger rehabilitation. Tennes&@T2 a
response indicatedhat IR] in addition to distresscould also be used to identify
possible candidates for rehabilitation. ConnecticOT indicated that IRI is
considered when IRlalues have exceeded established thresholgs. composite
pavements ConnecticuDOTconsidered IRI as a major indicator of structural distress
and monitoedits progression to identify potential structural deficiencies.

o ArizonaDOTindicated that decisin trees are usedn which IRl is considered among
other factors.Athreshold value of 10%/mi is used, a value much lower than those
reported by Alaska and Washington.

o Five agencies indicated thadRlis simply one of the factors considered in their
decisionmaking process. Two of the five agencies also stated thais liRded to
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communicate pavement performanc®ne agencyreports IRI to the publicandthe
otherreports IRl 2 G KS adlFdSQa tS3aAatlr ddzNB FyR N
1 IRl is the primarparameter considered

o In ArkansaglRlI is part of the condition index, PCI, used to monitor performance and
trigger rehabilitation in flexible pavementandit is the only component that makes
up PCI for rigid pavements. Rehabilitation is triggered whéh B in the poor
category.

o0 Minnesota indicatedhat IRI is the primary driver for their PMS and performance
measures.

1 IRl is not used to trigger rehabilitation

0 Three agencies indicatetat IRI is not used in the decisionakingprocess Another
agency stated that it is generally not a dominant performance measure, and it is not
currently used in their LCCA procedure.

o MichiganDOTindicated that although IRI is not used directly in the decisi@king
process, itcould be used if values arlarge enough tdrigger complaints or lead to
other issues.

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

1 Other:

o Two agencies indated that IRI is used to trigger maintenance activities. In California
corrective maintenance is considered for pavements with IRI greater thamam
In Pennsylvania, pavements with fair or poor IRl (greater than bd®i) are
candidates for preveiive maintenance treatmentsat the least

Although it was not specifically sought, responsesitK S |j dzZSaG A2y X al 2¢ A a
decisionmaking procesz (reported in Appendix Gyevealed IRI threshold values used in the
decisionmaking process farriving at the actual time of rehabilitation. The reported valbhase

a broadrange. At the high end, Washington uses &#2ni as a trigger, although it was identified

as a lagging indicator. Alaska considers an IRI threshold value offtirf0among ¢her factors

AY FNNRAGAYy3I G GKS I OGdzZ £ &S NDAtRRSFHWARSId! | a1
for poor IRIdefined agyreater than170in/mi under theMAR21 performancemeasures4). In

Arkansas, rehabilitation is triggered when PCI reaches a level of poaf@®8Cdr greater), and

it was stated thafor rigid pavementsPCl is based on IRI alofeior to calculating PCArkansas
DOTreported that IRI values are transformed to &01L00 scalas part of the PCI calculatioso

it is difficult to discern exactly the IRI values rigid pavementghat correspond to & Clof 65

or greater Although not provided, it could be assumed that poorliR€ly corresponds with poor
categories for the IRI value$Rl categories were reported, such that values greater thanrZt

are considered poor, and values between 17/ni and 220in/mi are mediocre.

NevadaDOTreported that a number of distresses including IRI are used to determaiepbint

rating index,PRI, whichs thenused to trigger rehabilitation activities. The provided supporting
R20dzySy iz bS@OFIRI 5h¢Qa tIF @dSYSyd alylF3aSySyda (@&
part of the PRI calculation for flexible pavemertS)(Cdi S32 NA T SR | & Y 8R ¥#AMI( K
GNRPEZAKwL @I fdzSa F2NJ SI OK NRIRglk& OflFaairxTAaAolda
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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, especiallyrfinterstates, than those used for Washington and Arkansas. In
bS@FRI 5h¢Qa LINPOSRAINBI LIRAYGa FINB FadaAdaySR 2
roughness with the sum of the points representing the PRI. As shown in Taplegier points

indicate poorer pavement condition and trigger rehabilitation. Points are assigned to each
grouping of IRI valueaslisted in Table 3.3 witthe highestpoints assigned to IRI values falling

into the roughest category (e.g. greater than libbmi for Interstates).PRIis a combination of

several distresses and IRI, and valoetsveen 400 and 699 points trigger an overlegilevalues

greater than 699 trigger major rehabilitatioBased on the points assigned to IR, it appdaas

IRI is a significant faatan the decision to rehabilitate flexible pavementggcording to Nevada

5he¢Qa tIF@SYSyid al yl 3S wugh/paveredts acownt for @S¢ ¥B ¢ = NJ
points,the minimum value needed to trigger an overl®etails on the IRI values, distressasd
F2a20AF0SR LRAyGa FT2N O2yONBGS LI @SySyiaa ¢S
Management System Overview, nor were any distinctions made between pavement types in

their responses; thereforeat is unclear if the same IRI values listed in Tal3@lBoapply to rigid
pavements.This is likely due to the proportion of flexible pavements relative to the total lane

miles Nevada DOT maintains.

Table3.3 Nevada DO® IRI Categories for Flexible Pavemerits)(

Interstates Non—lnterste}tes, NHSSurface All Other Routes
Ride Transportation Program (STF (Lowvolume roads)
Indicator IRI PMS IRI PMS IRI PMS
in/mi Points in/mi Points in/mi Points
0¢40 0 0¢80 0 0¢90 0
Smooth | 13 ¢ 70 100 81¢ 100 100 91¢ 130 100
Medium 71¢ 90 200 101¢ 115 200 131¢ 150 200
91¢ 105 300 116¢ 130 300 151¢ 170 300
Rough 106¢ 115 400 131¢ 160 400 171¢ 200 400
> 115 500 > 160 500 > 200 500

Utah DOTconsides IRIfor their RIDE indexvhich is in part used to trigger minor rehabilitation

for asphalt and concrete, functional repairs, concrete grinding/ R | & LK f G &aaSl f 3
treatments and thin AC overlays)d). RIDE index values of 50 represent the boundary between

fair and poorcondition, and a value of 50 correlates to 1i#@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 valeeshifted up by 20

in/mi at each category

Table3.4 Utah DOT IRI Categorie%6)

Ride | AsphaltIRI {n/mi) | ConcretelRI {n/mi)
Good| <95 <115

Fair | 95¢ 170 115¢ 190

Poor | > 170 > 190
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Pennsylvania wasss specific in their trigger values for rehabilitation, stating only that roadways
with fair or poor IRl were candidatéor at least preentive maintenance treatments, withopr
beingdefined by IRI greater than 1%@mi (17).

3.3 Summary

The goal of LCG#&to determine the most costffective alternative by evaluating the anticipated

costs over the life of the pavement. Costs inclallese of constructionand M&R activities over

the life of the pavementandthey are combined with the timing of these awgties to compute

the net present value of each alternatiie. LCCA, it is assumed tlaithe alternatives provide

GKS alyYS §S@St 27F LISNF 2 NI MOSthefinNdg of fhy &etiviies a (0 2
should bedetermined based on the sae set of performancehresholds. However,many
agencies utilize historical performance ddtet may not be determined based on the same
performance criterido determine the timing of the first rehabilitation activity used in LCU#As
chapterreviewedcurrent practices employed by state agendiesrrive at the actual timing of
rehabilitation activitiedor existing, inservice pavements.

In a questionnaire issued for this stu@® were asked to provide information on the decision
making process to determine thactual time of rehabilitation of irservice pavements.
Responses indicate that the methods vary from agency to agency and include a number of
factors. Despite thie uniqueness, the methods largely consist of the use of pargroondition

data. Half of theDO™B respondng to the questionnaire indicated thatehabilitation triggers,
typicallysome type oindices are used as part of the decisiomaking process

In looking at a synthestonducted in 2009 on pavement scores usedkyE across the country,

it was found that just as the decisignaking process for identifying the time of rehabilitatiisn
unigue to each agency, so dfee indicesthat serve as rehabilitation triggeXd4). Although the
indicesare unique tceachagency, the performance measurtbsit make up thendicesgenerally
consisted of roughness, cracking, and/or rutting, with roughness being the most frequently
reported measureResllts of the questionnaire issue for this studywere similar to the 2009
synthesis in that current rehabilitation triggers commonly consighdicesthat combine one or
more performance measas. The weighthat an agency places on an individual performance
measure and the manner in whithey are combined to compute the irmksare unique to each
agencyand eachpavement type making it difficult to drawdirect comparisons among the
threshold values provided.

Various performance measures are considered @iEQehabilitation triggers for identifying the
actual time ofrehabilitation for AC and PCC pavemeatsdas noted earliemot all performance
measures apply to both pavement typémlike cracking or faulting, IRI is determined in the same
manner regardles of the pavement typdRI is a calculated value and serves as an objective
measurement of the longitudinal profile of a pavement. Therefd®FE were also asked to
report on the use of IRI in theéecisionmakingprocess fopavementrehabilitation. Reponses

to the questionnaire indicate that most agencies utilize IRI in the deemmking processandit
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 yphoggling an indication of

the IRI valueshat may contributeto a rehabilitation activity being triggereddn one extreme,
Washington considers an IRI of 280mi as a rehabilitation trigger, although it is recognized that

it is often a lagging indicat behind the other two triggeindicesused. Similarly, IRklues, which
accountfor 100% of the trigger indefPClused in Arkansas for rigid pavements and 50% of the
index for flexibk pavementsare considered poor when greater than 220mi. On theother

end, NevadaDOTconsiders interstate pavements with IRl as low asih0@i as poor, and this
IRIvalue contributes 400 of the 700 points necessary to triggeajor rehabilitation of their
asphalt roadwaybased on their point rating index (PRHUtah, IRl is used in one of tha@idices

that, in combinationwith other indices may triggerminor rehabilitation,functional repairs,
O2yONBGS ANARYRAYIIWLY BRI @98 & NBa & dlaiayf&@R 3I22R
asphalt and concretayith IRI valueg each categorf0 in/mile greaterffor 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 achiesqqual levels of performancleetween
asphalt and concrete

4 DOCUMENTING ACTUARHABILITATION CYCLESMMARY OF LTPPT3A

The initial performance periogs an important input ilL.CCAand it shouldrepresent the actual
time pavements are in need of rehatalion. As shown in Sectid) the criteria for rehabilitation
vary from agency to agencynakingit difficult to assess when a pavement has reached a
particular set of criteria oa single performance threshold. Therefore, the timing of the first
rehabiltation will first be determined. Then, an analysis of the pavement condition at the time
of rehabilitation will be conducteddn analysis to determinine actual time to first rehabilitation
can be conducted utilizingg pavement managementdataset documentng rehabilitation
activities, pavement performance measuyasd dates of original construction and rehabilitation
activities Several &te agenciealready collecpavement management datdoat are sufficient

for such an analysisas evidence from theesults 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 Lehgrm 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 determinirggnpanice
periods and activity timing for LCCA.(

The LTPP program covers performance of both flexible and rigid pavements and spans all 50
states and several Canadian provincéd8)(The Longlerm Pavement Performance (LTPP)
program was initiated in 198d@s part of SHRP. It was initially aimed at collecting and storing
pavement performance data of #service highwaysThe data could then banalyzel to
understand how pavement performance relate to pavement design, construction,
rehabilitation, maintenance, preservation and management.
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As part of LTPP, fogeographiaegions were established basedughlyon climaticconditions
oNorth Atlanticé dNorth Centrak dSoutherné and dWesterre regions (L9). Four climatic zones
were also establishedwet, freeze&; dwet, nonfreezet; ddry, freez&; and dwet, nonfreezeé

The regionalcontractors are responsible for collecting test and monitoring data, such as
pavement distress, deflection, profile, @drenvironmental conditions. Data pertaining to the
inventory, maintenance, rehabilitatigmnd traffic associated with each pavement section in the
LTPP database are collected at the state level and sent to the regional cdaséablished
guidelines enste consistency among data collectioRegional centers rely oDOB 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 a8 Although this process presents the potential
for errors in reporting, misreportingr failure to report data, the LTPP dataset remains the most
comprehensive, and consistent database for the perfance of inservice pavements. Thu®r

this analysis data from the standard data release (SDR)va8 utilized.

Under the LTPP prograrthere are two classifications of experiments: the General Pavement
Studies (GPS) and the Specific Pavement Stud?) ($he 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 activit&éy.(According to

the User Guide, c&e to 800 existing #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 sect®nengtmucted

and were inservice 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 pavemamdsr the SPS prograriQ).

The experiments under the classification of GPS are listddlie 4.1GPS experiments were
based on a factorial design to incorporate the effect of environment, loading, and pavement
factors; however, not all of theombinations of factors were represented due to the use of
existing pavements20). Pavement sections included in GP®irough GPS experiments were
existing irservice pavement sections constructed prior to acceptance into LTPP. The remaining
GPS expements included pavementthat 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 MB& decisions
regarding the timing of rehabilitation activities of the existing pavements were left tdO&

and provinces, although agencies were required to report actividés Additionally, pavements
included in the GPS experiments were reséicto 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 pactices across the United States and Canada.
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Table4.1 GPS Experiment20)

Experiment| Experiment Title
GPSL Asphalt Concrete (AC) Pavement on Granular Base
GP& AC Pavement on Bound Base
GPS3 JointedPlain Concrete Pavement (JPCP)
GP& Jointed Reinforced Concrete Pavement (JRCP)
GPS Continuously Reinforced Concrete Pavement (CRCP)
GPS AC Overlay on AC Pavement
GPS5A Existing AC Overlay of AC Pavement (at the start of the program)
GPSB ACOverlay Using Conventional Asphalt of AC Paveméiat Milling
GPS5C AC Overlay Using Modified Asphalt of AC Paveméld Milling
GPSD AC Overlay on Previously Overlaid AC pavement Using Conventional Asph
GPS5S AC Overlay of Milled AC Pavemeélsing Conventional or Modified Asphalt
GPS/ AC Overlay on PCC Pavement
GPS/A Existing AC Overlay on PCC Pavement
GPS/B AC Overlay Using Conventional Asphalt on PCC Pavement
GPS/C AC Overlay Using Modified Asphalt on PCC Pavement
GPS/D AC Overlapn Previously Overlaid PCC Pavement Using Conventional Asph
GPSTF AC Overlay Using Conventional or Modified Asphalt on Fractured PCC Pay|
GPS/R Concrete Pavement Restoration Treatments with No Overlay
Second AC Overlay, Which Include8iing or Geotextile Application, on PCC
GPS/S . :
Pavement with Previous AC Overlay
GPSO 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 experimeh 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 testsections at each site, unlike the GPS experimekdsshown in Table 4.2, the SPS

experiments aimed to address structural factors, preventive maintenance treatments,

rehabilitation treatments, environmental effects, and Superpave mix design and specifiat
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Table4.2 SPS Experimesnt(0)

Category

Experiment

Experiment Title

SPSl

Strategic Study of Structural Factors for Flexil]
Pavements

Pavement Structural Factor

Strategic Study dbtructural Factors for Rigid

SP&
Pavements
Preventive Maintenance Effectiveness of
SPS3 :
. Flexible Pavements
Pavement Maintenance . . - —
Preventive Maintenance Effectiveness of Rigif
SP&
Pavements
SPS$H Rehabilitation of AC Pavements
I Rehabilitation of Jointed Portland Cement
Pavement Rehabilitation SP$ Concrete (JPCC)
SPY Bonded PCC Overlays of Concrete Pavement
Environmental Effects SP Study of Environmental Effects in the Absencg
of Heavy Loads
SPEP Validation and Refinements of Superpave
Asphalt Specifications and Mix Design Proces
. SPSA Superpave Asphalt Binder Study
gsng]}i';;fjognfgate Mixture I"Spepc AC Overlay on CRCP
P SPJ AC Overlay on JPCC
SPSN New AC Pavement Construction
SPSO AC Overlay on AC Pavement

*Also referred to as Jointed Plain Concrete Paven(@RCP)

New pavement sections were constructed for the 8P&d SP experiments, designed to

investigate structural factors associated with each pavement type. Both new and existing

pavement sections were included in the SP&xperiment. With the exception @PSN, the

remaining experiments utilized existing pavements. The condition of existing pavement sections

was taken into consideration to select pavemetitat fit the objectives of each experiment. As
part of the SPS, 6 and 7 experiments focusing oehabilitation, the intention was to include
existing pavements in their first performance periah no previous rehabilitatiothat met an
F3SyoeQa NBKIFIOAfAGIOGAZ2Y NBldANBYSyGas 2N
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the SP®A nomination guidelinest is believedthat pavements for which rehabilitation was
already planned were also sought for the SI2ASexperimentswhich aimed to study AC exlays

on existing CRCP, JPCC, or AC pavemfmigsher condition for nomination to these six SPS

studies was that the existing pavements exhedipavement distress typical of thdistresses
experienced in that agencyZ-25). Therefore the timing at wheh the first rehabilitation was
applied should be representative tyfpical distresses analgeny practices.
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4.1 Types of Rehabilitation Activities Considered

Once the data source was identifietthe next step was to identify the types of rehabilitation

activiies 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 maintenar
rehabilitation activitieg20). Maintenance activities are included in the maintenance module and

AyOf dzZRS AYLINROSYSyYyd OGAGAGASE GKI (¢ Al Ga2NRAYY23
to the document, major improvements such as overlayputier 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 listebie

4.3.

Table4.3 Rehabilitation Activities Assigned in LTPP Datab&X®

Code| Type of Improvement

8 PCC Shoulder Restoration

9 PCC Shouldd&eplacement

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 DrainageBlankets

41 Well System

42 Drainage Blankets with Longitudinal Drains

43 Hot-Mix Recycled AC

44 ColdMix Recycled AC

45 Heater Scarification, Surface Recycled Asphalt Con
46 Crackand-Seat PCC Pavement + AC Surface

a7 Crackand-Seat PC@avement + PCC Surface

48 Recycled PCC

49 Pressure Relief Joints in PCC Pavements

50 Joint LoadTransfer 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 wiibt-Mix AC
56 Mill Existing Pavement and Overlay with Chlck AC
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Using the information obtained through previous surveie questionnaire issued for this study
regarding the types of major rehabilitation activities considereB@ILCCA procedurespdthe
rehabilitation activities listed in the LTPP Information Management System User GQjidea Ifst

of rehabilitation activities was developed for use in this investigation. Listd@le4.4 is the

LTPP code for improvement type, a description of the actigitg the pavement type to which

it is applied.Table4.3 was usé 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 th®inline Activities related to drainage

Fa ¢Sftff Fa aGtNBaadwNBE wStAST W2Ayda Ay t// ¢t}
activities listed byDOE in their previous survegsponseand the questionnaire summarized in

this report, therefore, activities 38 through 41 and 49 were not included in the list for this
AYO@SaGAILGAZ2Y® [FadGtes AYLINE S VYhRlya yiRILISA yYORIRER !
list, as it is unclear what activity was conducted, and this code represented a very smat portio

of the entire databaselTwo activities, slab replacement, and diamond grinding, were commonly
mentioned inDOTresponses for the types of rehabilitation considered for rigid pavements.
Although these activities are listed as maintenance activities inLffiieP database, they are
included here as rehabilitation activities based ®@OT responses to the NCASsued
guestionnaire. While activity code 12 can be applied to either pavement type (flexible or rigid),

care was taken to identify grinding on PCC pasets only, to be consistent with the practices
reported byDO'B.

Table4.4 LTPP Rehabilitation Types Considered for Time to First Rehabilitation

N Existing
Code| Rehabilitation Type Pavement Type
7 PCC SlaBeplacement (sg. yards) PCC
12 | Grinding surface (sg. 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) (sqg. yards) AC/PCC
44 | ColdMix Recycled Asphalt Concrete (overlay) (sg. yards) AC/PCC

45 | Heater Scarification, Surface Recycled Asphalt Concrete (sq. yal AC
Fracture Treatmenfcrackand-seat)of PCC Pavement as Base for

46 New AC Surface (sgards) PCC
47 Fracture Treatmenfcrackand-seat)of PCC Pavement as Base for PCC
New PCC Surface (s@rds)

48 Recycled Portland Cement Concrete (over{ay) yards) PCC

50 |Joint Load TransféRestoration in PCC Pavements (linear feet) PCC

51 Mill Off AC and Overlay with AC (sg. yards) AC

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

55 Mill Existing Pavement and Overlay with Hibix Recycled AC AC/PCC

56 | Mill Existing Pavement ardverlay with ColdMix Recycled AC AC/PCC
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For thisanalysis,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 fgt 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 inservice; therefore, it is important to consider the date of original constructathar

than the date it was assigned to the LTPP progtasing the data compilation view modulbge

original construction date was identified from the SECTION_STRUCTURE_HISTORY table. This
table provides a timeline of activities for each pavement sectéod pulls information from
various sources. In doing so, the construction ddte# new pavements constructed as part of

the Specific Pavement Studies (SPS) experiments are also included. Although some sections were
newly constructed after their acceptanaeto LTPP, many were alreadydervice; thereforeit

is also important to identify any sections thaireviously received rehabilitation. The
INV_MAJOR_IMP table from the inventory module was utilized to identify pavement sections
that had received onefahe rehabilitation activities listed ifiable4.4 prior to acceptance into

the LTPP program and the date of that activity. Since the age of the pavement at thef tinee

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 tdemined from the original
construction date and date dhe first rehabilitation.While every effort was made to work with
unbiased, accurate data, information including types and dates of previous rehabilitation
activities were reported bipOBand Cana@n provinceso the LTPP regional centers. While this
process creates the potential that activities were not reported, orrarted, this type of error

can exist in any dataset.

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

4.2 Determining Time to First Major Rehabilitatioby LTPFEXperiment

To better understand the experimenthat are useful in meeting the objectives of this study, it

is necessary to understand how events are tracked and hovsetlevents relate to the
experiment numbes to whichthey areassigned. Once an experiment is entered into the LTPP
program, it is assigneal construction number (CN) &f The CN serves to account for each event
occurring on a section during the time itis in the program. The CN is increased incrementally with
each event, and an event is the occurrence of a maintenance or rehabilitationtyaciiv
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 séicibn
entered the program in the GPSexperiment (AC Pavement on GranuBase) could be
reclassified as a section in the GéESexperiment (AC Overlay Using Conventional Asphalt of AC
Pavement; No Milling) once the pavement has been rehabilitated with a conventional AC overlay
with no milling 26). A pavement originally assigd to an SPS experiment can also be reclassified
to a GPS experiment depending on the type of exkat initiated the change in the CN. GBB,
GPSC,GPSD, GPS6S, as well a&PS/B, GPS/C,GPS/D, GPS/F,GPS/R, andGPS/S are
experimentgshat 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 experimentshichstudy maintenancandrehabilitation treatmentgsuch as SPE SPS
4,SPS, SPSH, SPS/, or SPOC,SPDJ, orSPL0), pavement sections are first entered into the
LTPP program, at which point they are assigned a CIN Tfen when the study treatment is
applied a new CN is assigned without reclassificatidrthe 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 GR&A, GPS/A, andGPS) feature pavementshat had received an overlay ior

to the start of the experiment, and therefordad already received a rehabilitation treatment.

For that reason, onlgxperimentsGPSL through GPS were explored for this study. As noted
earlier, pavements considered in the GPS experiments werdctestito pavement structures in
common use and representative of good engineering practices in terms of pavement design and
pavement materials20). The time of rehabilitation was decided upon by the agency itself, so the
calculated time to first rehabibittion should also be representative of actual practjckg
including pavements from across the U.S. and Cayfada to one method is minimized.

The activities listed in Table 4.4 were used to determine the timing of the first rehabilitation. In
some cass, one or moreof thoseactivities were constructed as part of the first rehabilitation.
Additionally, maintenance activities were commonly performed conjunction with the
rehabilitation activitiesFor AC pavementsa the GPS (on ganular basg experiment the types

of activities includedn the first rehabilitation wereAC overlay (cod&9), hot-mix recycled AC
overlay (codet3), mill existing AC and overlay with AC (c&de andmill existing AC and overlay
with hot-mix recycled AC (codsb). For pavements in the GR2Sexperiment, AC atop bound base
stabilized with bituminous or nehituminous (pozzolans, PCC, lime, etc.) bind2@, the same
rehabilitation activities applied to AC pavements in the GRSperiment were also used for GPS

2 pavements. The first rehabilitation activities associated with JPCP in the3G&®eriment
includedPCC slakeplacement(code 7), grinding surface (code 12), AC overlayntigtrecycled

AC overlayfracture treatment (crackand-seat) of PCC pavement assbafor new AC surface
(code 46) and joint load restoration (code 50T.he same rehabilitation activities were also
associated with JRCP and CRCP pavements in the first rehabilitation activity, with the exception
of fracture treatments on JRCP. Althouglrface grinding was the most common first
rehabilitation activity for JPGfavements AC overlays were the mastmmonfor JRCP and CRCP
pavements

The average, minimum, maximum, standard deviation, and coefficient of variation of the time to
first rehabiltation was determined for each GPS experiment, as tabulated in Table 4.5.
Experiments GRS and GP pertain to AC pavements and tkeerrespondingexperiments for
PCC pavements are experiments GPSPS4, andGP 5.
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Table4.5 Summary ofActual Service Life of LTPP Sections

Exp No Pavement Type | No Age at First Rehabilitation, rg Coeffi_ci(—_:-nt
' | Avg | Min | Max | Std Dev]| of Variation

Surface Type: AC

GPSL | AConGranularBase| 122 | 18.0 0.1 31.9 6.47 36.0%

GP& | AC orBoundBase | 83 169 | 53 41.1 6.90 40.8%
Surface Type: PCC

GPS3 JPCP 46 237 6.9 38.5 7.35 31.1%

GP#A JRCP 28 231 1.1 35.4 7.04 30.5%

GPSb 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 experiméeHts.averageservice life for AC pavements granular
base(GP&Ll)andAC pavemergon bound baseGP&2) are 18.0and 16.9years respectively The
average service life falPCPGPS3), JRCPGP$4), andCRCPGP$5) pavementsange between

23 and 23.7 years. Although differences are observed between AC and PCC pavements, little
difference was observed among the pavement categovighin each pavement type. The
average time to first rehabilitation for AC pavements on granular base- {88l AC pavements

on bound bas€GP &) differ by only one year. Similarly, the average time to first rehabilitation
for IPCRJRCPand CRCP paweents differed by less than a year. The average initial service lives
for the AC pavements on granular base (df%nd AC pavementsn bound base (GPH
experiments are greater than th&0 to 15 years for AC pavementsvhich agencies most
frequently repated for the initial service life considered in LCCA, as shown in Tablé,Z)1 (
However, the actual initial service life for ti®CP (GPS, JRCP (GHBy and CRCP pavements
(GP$b) fall within the range oR0 to 25 years for initial service life of PCC pavements used in
LCCAalso shown in Table 2.1.

The minimum time to first rehabilitation was found to bd @ears, or just less than one month.
Minimum values fodRCPGP$) and CRCPGP$b) pavementswere only sghtly larger, at 1.1

and 22 years. These values are likely outliers. As discussed previously, there are limitations in
the data for experimentsthat used existing pavement sections, as the date of original
construction (or last reconstruction) and anyepious rehabilitation activities were left to the
DOTE to report to the regional LTRBntractors 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 timedfitst 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 b&SPS) and CRCRGPS5) pavements,
respectively. These values could@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 expenent for AC pavements on bouruhse with a
calculated coefficient of variation of 40.8%. Some variation is expeatethese data included

the time to first rehabilitation for pavements from across teS.and Canada, which includes all
four climatic regions, various functional classifications, aggncyspecificmaterials.

4.2.2 Actual Initial Service Life of SPS Experiments

SPS experiments required multiple 5f@@t 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 B@E 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 siieis pavement sectionghat met the
criteria for this analysig.€.,no prior rehabilitationand first rehabilitation defined by activities in
Table 4.4). The number of rehabilitated sectitimst were part of the core experiment and those
that were considered supplemental are also listed in the table.pavements included the
SPS3 experimentstudy ofenvironmental effects in the absence of heawatly met the criteria
established in this reportand therefore Experiment SP8 is excluded from the analgs
conducted herein.

SPS3 and SP8 experimentsvere designedo evaluate the performance of various preventive
maintenance treatments on existingC and PC@avement sectiongrespectively) Although
some SP8 pavement sections received an overlay, the overlay was a thin oyartagh was
considered greventive naintenance treatmentaspart of the experimental design. Therefgre
SPS3 sections were excluded from thenalysis The complement to this experiment, SBS
preventive maintenance for rigid pavements, was also excluded.

Table4.6 Number of Rehabilitated Sections, SPS Experiments

Exp No Surface Existing/New No. of S_i'Fes_With No. of Rehabilitated Sections

| Type | Pavement Sections Rehabilitation | Total | Core| Supplemental
SPsL AC New 7 71 69 2
SP$ AC Existing 17 186 | 139 47
SPSO AC Existing 7 36 20 16
SPSN AC New 3 8 8 0
SP& PCC New 8 18 14 4
SPS PCC Existing 14 158 | 101 57
SP& PCC Existing 4 36 32 4
SPC | PCC Existing 2 7 5 2
SPDJ PCC Existing 6 38 18 20

Strategic studies o$tructural factors for flexible§PSL) andrigid (SPL) pavementdncluded
new constructionwhere structural factors such as layer thickness, base type, base thickness, and
the use of drainage layers were varié). Four rehabilitation treatments were associated with
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the AC pavements in the SRB®xperimeniwhich included two types of AC overlay, conventional
and hotmix recycled AC overlay, and mill and overlay with either AC eminotrecycled AC
overlay, represeted by activity codes 19, 43, 51, and 55. Only two rehabilitation treatments, PCC
slab replacement and grinding surfaeetivity codes 7 and 12, respectively, were associated with
the pavement sections in the SR®xperiment. The age of the pavementgla 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
SPEL (AC pavementgnd SP& (PCC pavementsxperiments 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 construatexle in service for three to twelveears
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 survEysoaf5 years for

AC pavements an@0 to 25 years for rigid pavementsas shownin Table 2.1, 7). More
surprising is the frequency of pavement sectidhat were rehabilitated less than three years
after construction.

The differences in actual initial service life of the-2R8d SP-3 experiments compared to initial
service lie commonly used by agencies could be attributed to the experimental design, age of
the pavements and the rehabilitation types. AC pavementsncluded in the SRS and PCC
pavements included in th&PS& experiments were newly constructed or reconstructed t
explore a number of structural factors, and as sutls expected that varying structural factors
will impact performance on either end of the spectruas some of the sections may feature
pavement designghat are not adequate to accommodate traffioddings leading to early
failures, while others may be overdesignedsulting in extended service liveBecause the
rehabilitation treatment is driven by performance, the experimental design would also impact
the timing and treatmentan agency chose tapply. Moreover, the construction date for
pavement sections in SAJAC pavementsianged from 1992 to 1998 and 1992 to as late as
2000 for SPR (PCC pavementsTherefore, it is possible that the younger pavement sections
have not yet needed rehabilit@n.
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Figure4.2 Distribution of Time to First Rehabilitatiofior PCC &ements inSPS Experiment

Given the large number (71) 8iC pavemensections rehabilitated in the SASexperiment it
would be expected that the distribution of actual service life would be normal. However, as
shown in Figure 4.1, this is nihe case. As noted above, multiple sectidhat varied by one or
more structural factors were constructed at a site. The timing of rehabilitation was at the
discretion of the agency. Therefqri¢ is likely that when one 50fbot 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 rehabilitativas determined for each site.

Tables 4.7 and 4.8 summarize the actual initial service life am@ngabement sections at each
site, described by the Site ID (the state code and first two digits of the SHRP ID), for-tharfsPS
SP& experiments, respectively. Although there were ACpavement sections in the SRS
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experimentthat received rehabilitdon, these sections represent jugtsites. Far fewelPCC
pavement sections in the SRSxperiment were rehabilitatecbnly 18 sections at 8 sites.

Reading across the table reveals the average, minimum, maxjrandhstandard deviation for
the time to frst 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 example28i@ conssted of

ten pavement sectionthat were rehabilitated The same date of rehabilitation was reportéat

all ten pavement sectionsas evident by the equivalent minimum and maximwaduesand
standard deviation of zero. For site -0&, the average time to first rehabilitation for th&0
sections at that site was B0 years, the earliest a section was rehabilitated was 4.8 years, the
latest was B years, and the standard deviation for 20 sections at this site was just 1.1 years.
At the lottom of the table, theaverage, minimum, maximurand standard deviation of the time

to first rehabilitation was determinettom the average time to rehabilitation for each site

Table 4.7 Summary Statisticsof Time to First Rehabilitationfor AC Pavements irSPSL

Experiment

Site ID Statistics for Time to First Rehabilitatiory¢ars) of Sections
No. of Sectiong Average | Minimum | Maximum | Std Dev
1001 14 04 04 04 0
1901 1 1.0 N/A N/A N/A
2001 10 7.9 7.9 7.9 0
26-01 9 7.2 7.2 7.2 0
3901 5 149 11.6 166 2.05
48-01 20 51 4.8 9.8 1.10
51-01 12 157 15.7 15.7 0
Summary for Sites 7 7.5 04 15.7 6.05

Table4.8 Summary of Time to First Rehabilitatidior PCC Pavements BPS Experiment

Statistics for Time to First Rehabilitatiory¢ars) of Sections

Site 1D No. of Sections| Average| Minimum | Maximum | Std Dev
10-02 8 4.1 4.1 4.1 0
1902 1 10.8 N/A N/A N/A
20-02 2 11.1 34 189 N/A
26-02 1 8.6 N/A N/A N/A
38-02 2 157 14.8 16.5 N/A
4-02 1 144 144 144 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 94 4.0 157 4.44
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As shown in Table 4. AC pavement sections at more than half of the SPSites 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 fourtden of
SPSL ACpavement sectionthat received rehabilitation at a site in Delaware (Site IED1Pwere
done so at the same time, just months after constructwas completed. Although site 481

has a standard deviation of 1.1 years for 2@ACpavementsections, all but one section was
rehabilitated 4.8 years after construction. Only at one site in the ISEeriment,Site 39-01,
were all pavement sectionst a siterehabilitated atdifferent times. Determining the average
time to first rehabilitationbased on each pavement section is biased toward siigsthe most
sections.lt is difficult to tell from the pavement distress information available on infopave.com
(the online database application program for the LTPP proyjleow many sections at ongte
exhibited early distressehbat truly necessitated rehabilitation. Based on the number of sections
at each site in the SPISexperimenthat received rehabilitation at the same time despite varying
AC pavement crossections, it can be concluded th#te timing of rehabilitation of these
sections is not representative of the performance of thésgpavements or of agency practices.

In contrast, ehabilitatiors of PCC pavement sectioms the SP& experiment were mostly
conducted for individuasections 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 valugsjth the exception of site :02. This coulde

due to the rehabilitation treatments selected. Slab replacement and grinding were the only
rehabilitation treatments applied for the SRSsections whichare more conducive to short
sections as opposed to AC overlays. The time to first rehabilitdtionhese PCC pavement
sections ranged from &.to 189 years. At one site alone, the time to first rehabilitatiamong

the PCQOpavement sectionsanged from 34 to 189 years. This wide range accounts for the
variation in structural factors investigateés part of the SR3 experiment. As discussed
previously, layer thickness, base type, base thickness, and the use of drainage layers were varied
among the sections at each site. Therefatas expected that the performance, and thuke

need (and timingyfor rehabilitation would vary as well. Based on the rehabilitation of individual
PCC pavemergections, the timing to first rehabilitation of sections in the 2R&periment is
more representative of actual practices. However, the average time taéhstbilitation for the
18pavement sections listed in Table 4.8 is bit®ward site 1602, in which8 pavement sections

with varying structural factors were rehabilitated at the same time. In the interest of
understanding the time of first rehabilitatiorthese 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 thel1 PCC pavement sections in the SR&periment was 9.8 yearalthough

the timing at which these pavements were rehabilitated may be representative of actual
practices, the pavement crosections themselves may not have been representative of typical
PCC designas structural factors were varied among the multiple sections at eachTdite.also
holds true for the SR$ AC pavemenishich also explored variations in structural factors. For
these reasons, experiments SP8nd SP2 were excluded from further analysis.

ExistingAC and PC@avement sections were utilized in the SP&nd SPS experiments
respectivelywhich evaluated rehabilitation treatments and combination of treatments. Existing
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jointed PCC pavements included in the 3P&periment(bonded PCC overlay of concrete
pavements) received one of eight combinations of baul concrete treatments 20).
Experiments SPSC, SR8J, and SPSO evaluated AC overlays on existti@CPJPCC, and AC
pavements, respectivelyBased on the nomination criteria, the timing at which the first
rehabilitation was applied in the LTPP datasef 2 dz2f R 6 S NBLINBaSydl G§A @GS
typical distresses associated with rehabilitation.

AC pavementincluded in the SRPSN experiment were newly constructed or reconstructed to
examine aspects of implementing Superpave mix design.ritiear how much mix designs were
varied and the possible impact on performanaad therefore timing of rehabilitation. For this
reason, SRSN was excluded from further analysis.

Althoughstrategic studies of structural factefor flexible SPSL) andrigid SPS) 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 okemrg pavementghat were included in the
rehabilitation experiments (SP% SPS5, andSPS7) and Superpave overlay experiments, -SPS
90,SPC, andSP®J. These experiments featured various sites across the country. Although
each site consisted of muttie existing pavement sections, those sections consisted of the same
pavement, and thereforghadequalor similar crossections (minor geospatial variations due to
construction are expected), distress, and construction history. While the multiple seciioa

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 ciEsgion,considering the actual service life of
these sections would create bias towards sitesth more sections, as they were typically
rehabilitated at the same time or within the same timeframe. Therefore, the average time to first
rehabilitation was determine 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
rehahblitation among the pavement sections at each site within each experiment, as shown for
SPSL and SPR experiments earlier, are tabulated in Appendix J.

Table4.9 Summary of Time to First Rehabilitation, SE$periments with Existing Pavements

. Age at First Rehabilitation, Years

Exp. No.| Surface Typg No. of Sites Avg Min Max Std. Dev.
SP$ AC 17 19.6 9.0 313 5.48
SPS0O AC 7 25.0 6.0 332 10.01
SP$ PCC 14 248 172 32.0 5.55
SPY PCC 4 23.2 129 34.8 9.20
SPSC PCC 2 22.9 218 22.8 N/A
SPJ PCC 6 282 23.0 396 6.41

The average time to the first rehabilitation was slightly higher for the AC pavements in tfe SPS
(rehabilitation of AC pavementgind SPSO (AC overlay on AC pavemestjperiments than
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resultsfound in the GPS] (AC on granular basajpd GP (AC on bound bas@&xperiments, as
shown in Table 4.5. The highest average time to first rehabilitation was approximately 25 years
for pavement sites in the SFE® experiment, a seice life that extends seven years beyond the
average service life for the GR®xperimenf{AC pavement on granular bgsé should be noted

that there are much fewer data from which the average time to first rehabilitation was
determined for the AC anBCC 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 th& GPS
(JP®), GPR (JRCP), and GBSCRCP) experiments shown in Table 4.5.

4.3 Determining Time to First Major RehabilitationyoPavement Type

To examine the time to first rehabilitation based on the original surface type, experiments with
like surface typevere combined based on the evaluation completed above for each experiment.
Given the limitations associated with newly constructgmvementsas part of LTPP, only the
experimentsconducted orexisting pavements were included. For AC pavemehgstimes to

first rehabilitation for the pavement sections from GP&n granular basegnd GP£ (on bound
base)experiments were combined with the times to first rehabilitation &Cpavement sites

from the SP$ (rehabilitation of AC pavementgnd SPS0 (AC overlayon AC pavement)
experiments. Similarly, for PCC pavemetite times to first rehabilitation for the pavement
sections from GRS (JPCR)GP$! (JRCR)and GPS (CRCPgxperiments were combined with

the times to the first rehabilitation for pavement sites from the SR®habilitation of JPCP)
SP$&7 (bonded PCC overlay of concrete pavemer8®)SQC(AC overlay on CRCBhd SPSJ(AC
overlay on JPCexperiments. Ta distribution of the time to first rehabilitation was plotted for
each pavement type in Figures 4.3 and 4.4. Distributions for botamfiCPC@avements 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 gkjpected that some distribution of

the data would exist. The largest number of AC pavements (48 oirifl®ate a periodbetween

15 and 18 yearto first rehabilitation The distribution of the PCC pavememtas fairly uniform
between 15 and 30 years, drdoes not display a definitive peak. The"58ercentile of the
cumulative distribution is at a time of rehabilitation between 21 and 24 yedigh is the center

of this uniform period.
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Figure4.4 PCC Pavements, Distribution of Time to First Rehabilitation

Table 4.10 summarizes the statistics computed by Microsoft Excel for the timasto
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 averape 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 variablgresulting in a wider 95% confidence interval of 22.60 to 25.08 years. The
actual initial service life for AGavements is slightly positively skewed; as stioé 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 hadative
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 outliées
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coefficient of variation computed as the ratio of the standard deviation to the mean was higher
for AC pavementg37.9%) than for PCC pavements (30.0%).

Table4.10 Descriptive Stastitics for Time to First Radilitation

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 previouslyeporting errors may exidty using LTPP experiments conducted on existing
pavements. This may account, in part, for the wide rangekartime to first rehabilitation and

the very short service liveghichare 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 Figes 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
equdions below, wheres is the standard deviation anahis 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 remonketha 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 sanes the normal distribution is assumed to be
symmetrical about the mean, in practiddhe 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 rehabilitationdecreased slightly to 17.68 years; however, the mean remained the same
for PCC pavements.

Lower Boundary =1.65 +m
Upper Boundary = 1.85+m
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Table4.11 Summary of Middle 90% of Pavement Ages at Timéw$t Rehabilitation

Pavement Typg No. Avg Min Max | Std Dev
AC 206 17.7 7.1 28.9 551
PCC 121 | 23.8 129 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 pavemenfis88 of 206AC pavements andl17 of 121PCC
pavement3 were in the U.S. Therefore, it is reasonable to consider the values shown in Table
4.11 asthoserepresentative of practices across the UHBwever, lecauseDOTpracticescan

vary, the national averagesor time of first rehabilitationmay 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 study2003 in which teir 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 regHly.(Both the average

and median ageseportedfor AC pavementaere 19 yaars, 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 occurre@n averageat 18 years, while the median age

was 15 years. Researckeexamined the age that neasoweled concrete pavements were
historically rehabilitated in Georgia, reporting an average age of 17 years and minimum and
maximums of 10 and 29 years, respectivel®)( Ages when PCC pavements have been
historically rehabiliated in both Minnesota and Georgia are much lower thihe@ 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 pavensent

The 2003 Minnesota DOT study determined the historical time of first rehabilitation as a basis for
developing estimates for initial service life in LCTI). As reported in Section 2, many agencies
have or conhue to usehistorical valuedo estimateinitial service life estimatesor LCCAIn
comparingearlier responses to the 2007 Mississippi DOT survey and surveys issued for the study
conducted for South Carolina DOT shown in Table &.T)( the majority d DOB reported a
value for initial service life in LCCA between 10 and 15 years (or the range of 10 to 1%oyears)
AC pavementsThose values are between three and eight years sooner than the national average
(177 years) for first rehabilitation of A@avementsFor PCC pavements, the majority®B

were using an initial service life of 20 to 25 yearsjradicated by the survey responsés®) and
summarized in Table 2.These valuearewell alignedwith the average age of 23.8 yedmind

in the LTPRxperiments investigateth this study

To determine if there were trends associated wyhvement type,region, climatic zone, or
functional classificationthe times to first rehabilitation were further examined for each
parameter and each gvement type, which are discussed in the subsections below. For the
following evaluationsthe 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 standdediation for the time to the first rehabilitation

were summarized for LTPP experimenabuzed, as shown in Table 4,1@ reflect the middle

90% of the distribution for each AC and PCC pavement. For the AC and PCC pavements in the GPS
experiments the awerage pavement age at the first rehabilitation did not vary much from the
values shown in Table 4.5 for 100% of thstrabbution. AC pavements on granular base had an
average pavement age of 17.9 years, just slightly more than one year longer than A@ptvem

on bound base. The three PCC pavements in the GPS experiments, JPCP, JRCP, vaect CRCP
rehabilitated when the pavement was between 23.4 an®3&ars, on average. As was the case

with 100% of the distribution, AC pavements in the SPS experimenat M in service longer

than those in the GPS experiment, on average. This was also true for two of the SPS experiments
for PCC pavements: SiB83nd SPSJ.

Table4.12 Statistics for Time to First Rehabiliian by AC and PCBavement Type

Age at First Rehabilitation, Yearg
Avg | Min Max | Std Dev

Exp No.| Pavement Type | No. of Sections

AC on Granular

GPSs1 base 111 17.9 71 282 5.36
GP&2 AC on Bound base 76 16.8 78 28.9 5.70
GPS3 JPCP 41 23.4 147 347 5.98
GP#4 JRCP 27 239 | 151 | 354 5.68
GPS5 CRCP 28 23.8 | 148 | 337 6.11

SPS ExperimentsBased on Averages at Pavement Sites
Exp No.| Pavement Type No. of Sites Avg | Min Max | Std Dev

SPSH AC 16 189 | 9.0 258 4.74
SPSO AC 3 240 | 169 | 282 6.20
SP$ PCC 14 248 | 172 | 32.0 5.55
SP& PCC 4 23.2 | 129 | 34.8 9.20
SPSC CRCP 2 223 | 218 | 22.8 N/A
SPJ JPC 5 259 | 23.0 | 303 3.51

4.3.2 By Region

Four regions were established at the onset of the LTPP programiNdnéh 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 redpelow in Table 413. Data

were not evenly distributed geographicalfpr either pavementtype. In the case of AC
pavements only 11% were located in the North Central region, while the remaining regions,
North Atlantic, Southern, and Westeraccounted for30%, 31%, and28%, respetively, of the

total 206 AC pavements. The opposite was true for PCC pavements. The highest nuasber

the North Central region, accounting for neasl§2o of thel21 PCC pavements.

59



4 o
i
4 =
4 e
- GIC
. )
-
SO
REGIO
.
-1
N . oy,
/";: = X Vg e Puero
-~ o Rico
. ’ s>
7 &
Alasha Hawan <>

Figure4.5 Map of LTPHRegions 19)

Table4.13 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 | 8.0 282 6.25 34.9%
North Central | 23 | 194 | 107 | 26.5 4.44 22.9%
Southern 64 | 169 7.8 28.8 5.21 30.9%
Western 58 | 176 | 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%
NorthCentral | 69 | 237 | 147 | 354 5.74 24.1%
Southern 16 | 26.0 | 129 | 331 5.94 22.9%
Western 17 | 242 | 17.1 | 313 5.23 21.6%

AC pavements in the North Central region remainesarvice longer tham the other regiors,

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 of7lylears. PCC pavemis were left inservice the
longest, on averagén the Southernregion at26.0years before receiving the first rehabilitation.
The average time to first rehabilitation for PCC pavements in the North Central region most
closely matched the overall avermagf 238 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, a®waim in the map in Figure 4.6. The climatic zones group areas
together based on moisture or rainfall (wet or dry) and temperature (freeze offremze). These
climatic zones are wet, freeze; wet, nineeze; dry, freeze; and wet, ndreeze. The timgto

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;fre@ze climatic zone,
representing53% of the AC pavements included in the investigatian.the PCC pavements,

66% were located in the wedteeze climatic zone.

LTPP Climate Zones
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Figure4.6 Map of LTPP ClimatZones 27)
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Table4.14 Statistics for Time to FirdRehabilitation by Pavement Typand Climatic Zone

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

Dry, Freeze 24 | 150 | 71 263 5.11 34.0%
Dry, Nonfreeze 23 | 19.7 | 7.8 27.0 4.63 23.5%
Wet, Freeze 50 | 20.0 | 88 | 282 5.46 27.3%
Wet, Nonfreeze | 109 | 168 78 28.9 5.33 31.8%

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

Dry, Freeze 10 | 238 | 158 | 313 5.83 28.4%
Dry, Nonfreeze 6 245 | 17.1 | 303 5.81 23.7%
Wet, Freeze 80 | 235 | 147 | 354 5.79 24.7%
Wet, Nonfreeze | 25 | 249 | 129 | 337 5.98 24.0%

The average time to first rehabilitation for PCC pavements did not vary much among the four
climatic zoneswith the shortest average pavement age at2m the wet, freeze zone and the
longest at24.5in 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 vability between climatic zones for the AC pavements, such that
pavement age at the time of the first rehabilitation ranged fromQlfa. 20.0years among the
four zones. The dry, freeze zone accounted for the shortest average time to first rehabilithtion o
AC pavements while thevet, freeze zone accounted for the longest average time. For AC
pavements in dry climates, pavements remaineeanvice4.7 years longemon averagan the
warmer, nonfreeze climate than in the freeze climate. The opposite was fan AC pavements

in wet climates with pavements in the wet, freeze zone le§énvice on average 3years longer
than in the wet, noAreeze zone.

4.3.4 By Functional Classification

The AC pavements included in this investigation were further examinethdyfunctional
classification of the routes for which they were placed. Tabl® dummarizes the time to first
rehabilitation for AC pavement3he vast majority of the AC pavements were located on rural
routes. The highest number of AC pavemeb® ofthe 206, were located on routes classified

& & NHzNJ f  LINShEr@A LOFKES aNSICRNOR- fF YR G KANR Y2440
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classification represdn a small portion of the total dataset. Among the three most frequent
functional classifications, the average time of first rehabilitation ranged ft@#to 18.1 years.

Due to the limited data available for other rural routes and urban routes, it fewlif 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 4 126 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 Arteriallnterstate 49 18.1 7.8 282 5.00
Rural Principal ArterialOther 107 174 7.1 28.9 5.45
Urban Minor Arterial 1 244 244 244 N/A
Urban Other Principal Arterial 5 193 8.8 26.1 7.50
Urban Principal Arteriallnterstate 7 19.6 9.3 26.9 6.64
Urban Principal ArterialOther 5 194 15.9 243 3.05

Freeways or Expressways

The data forthe time to first rehabilitation of PCC pavements are summarized by functional
classification in Table #6. 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 tH21 PCC pavements. As was the case with AC
pavements, the majority of the PCC pavements were also on rural routes. The highest frequency
2F t// LI SSYSyda 6SNB 2y NUNIE AydiSNmGFGSasz |
arterial ¢ other.€ Approximatelyl4% of the total were on urban intstates. There were too few

PCC pavements on the remaining three functional classificatotiaw comparisonsin looking

at the three most frequent classificationsn averagethe shortest time to first rehabilitation
occurred on urban interstates, whilthe longest time occurred odrural principal arterialg

other.§

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 28.9 234 32.8 3.69
Rural Principal Arteriallnterstate 60 23.5 129 323 5.31
Rural Principal ArterialOther 33 24.4 147 323 6.48
Urban Other Principal Arterial 4 219 155 34.8 8.79
Urban Principal Arteriallnterstate 17 23.0 15.1 35.4 5.78
Urban Principal ArterialOther 2 29 7 193 26.0 N/A
Freeways or Expressways

4.4 Summary

The LTPP database was utilizeéxamine the actual time at which rehabilitation was conducted

for AC and PCC pavements acrossdbentry. 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 inp&eSPS experiments had very specific
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objectives whilehe 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 experintenthicha pavement was first assigned. Under
GPSpavement 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 existiegvice
pavements across the U.S. and parts of Canada. After entry to the LTPPnprpgv@ment
sections (GPS or SPS) could be reassigned based on maintenance and rehabilitation activities and
objectives of other LTPP experiments. SPS experimeatg consist of existing Hservice
pavements or newly constructed pavements. Unlike the GR&ranents, SPS experiments
consisted of multiple 50600t 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 experimetdsisising of newly constructed pavements, pavement
sections at a project site were varied based on the experimental design. h SRESP
experiments pavement sections varied by structural factors such as thicknestharmtesence

or absence oadrainage layer. For those SPS experiments utidjexisting inservice pavements,
pavement sections at a site varied by the type of preventive maintenance activities, rehabilitation
activities, or overlays.

Forthisstudy KS GAYS 4 6KAOK (GKS FANRG NBKFOATAGE
of interest therefore, experiments utilimg only existing irservice pavements were selected.
These experiments included GPS experiments one through Ailsm included we SPS
experimentsthat focused on rehabilitation techniques on existing pavements. As noted, SPS
experiments conducted on existing -gervice pavements consisted of multiple pavement
sections at a site. These existing pavement sections were along thersateeandthus, were
subjected to the same or very similar traffic and roughly shared the same pavement structure.
Although different rehabilitation activities were appliedhey were often applied at
approximately the same time. Therefore, the averagegmaent 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 averageotifirst
rehabilitation. The average timing of the first rehabilitation for AC pavements was found to be
17.93 years with 95% certainty that the meanasbetween 17.05 and 18.82 years. The median
of the 229 AC pavements was 17.14 years. PCC pavementsehalglitated 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 erroneowsues(such as the very short time to first rehabilitation
found in each AC and PCC pavement dataset and shown as the minimum values in Jdhke 4.5
data could be limited to the middle 90% of the distribution. Assuming a normal distribution for
each paement 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 pavemenie middle 90% of the distribution forCA
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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 functiasalfication of the
roadways.

The timing of the first rehabilitation was summarized for each GPS and SPS experiment, as shown
in Table 412. On averageAC pavements on granular bassgere rehabilitatedapproximately

one year later than AC pavements diound bases. AC pavements included in the SPS
experiments examined here were rehabilitated later than the AC pavements utilized in GPS
experiments, withan average timing of first rehabilitation at 19.6 a@8.0years. On average

PCC pavements in the GBfperiments were rehabilitated within less than one year of one
another with pavement ages ranging from 230 239 years. For PCC pavements in the SPS
experiments, CRCP pavements were rehabilitated the egrtinsiverage, while JPCC pavements
were let in-service the longest prior to the first rehabilitatioon average.

It was found that the North Central region was associated with the longest average time to first
rehabilitation for AC pavements &84 years, while theSouthernregion was associatealith the
longest average time for PCC pavement2@&0years. The North Atlantic region was found to
be the most variable for both pavement types.

As might be expecteddue to the known influence moisture and low temperatures have on
pavement damage, # dry, nonfreeze climate was associated with the longest time to first
rehabilitation for AC pavementgor AC pavements aglimaticzoneswith wet conditions, longer
times to first rehabilitation wereshownin freeze areas as opposed to rbeeze, on agrage.
Differences in the average pavement age at the time of first rehabilitation of PCC pavements in
the four climatic zones were not prominemwith the largest difference in average pavement age
amounting to just 1.4 years

The majority of the AC an®CC pavements included in the LTPP experiments that were
investigated for this study werender rural principal arterialclassifications While too few
pavements were associated with many of the functional classifications for the AC pavements, the
pavemen 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

Of FaaATFAOlI GA2Yy A qothéi,HzNE NHZNINA Yy QN dpr€darelt NI § RN Jd SIKIN I
YAY 2N I NOSNR I #to b81elrgFarE R / T NBR WS SF i a 2y NHzNI f
20KSNR¢ YR a Nighterfstatd INAIYKSA LIFATY S NilR2S NEMIFNEBEvith NB K I 6 A
average pavement ages of 24.4 and 23.5, respectivEte third most frequent functional
classification foPCC pavemenisurlganprincipal arteriak; interstate,€ had the shortest time to

first rehabilitation wth an average pavement age 28.0yeas.

By compiling this LTPP data from across the U.S. and Gatnalttaws 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 ea$iponsedo the 2007 Mississippi DOT survey
and surveys issued for the study conducted for South Carolina DOT gihdwahle 2.18, 7), the
majority of DOB reported a value between 10 and 15 years (or the range of 10 to 15 years).
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These initial servicavies used in LCCA are between three and eight years sooner than the
national average, as shown in TablelZ.as 1768 years. As indicated by the survey responses
summarized in Table 2(6, 7), the majority ofDOE were using an initial service life of 2025
years for PCC pavementshich aligns well with the average age of 23.84 years that PCC
pavements were found to be rehabilitated in the LTPP experiments investigated here.thi¢hile
results found in this studgnay not affect LCC for PCC pavemé¢ins, the longer average time to
first rehabilitation) they mayhaveanimpacton LCC for AC pavements.

5 PAVEMENT CONDITIONTERIORATION

Agenciesoften determine the initial pavement service lifefor usein LCCA by considering
historical averages opavement age at the time of first rehabilitatiortHowever, not all
pavements are rehabilitated when their performance measures reach the rehabilitation
thresholdsfor variousreasors. Thus, thenitial service lifeof AC and PCC pavements should
ideally be determined basednly on a subset of historical data of pavements that have been
rehabilitated based ocommon performance threshod

The previous section sought to determine national averages for AC and PCC pavements in the
LTPP experiments GRShrough GP$ and SPS through SP3, and SRRSO for the actual

timing of the first rehabilitationt K2 &S | @SN} 3Sa 6SNBE O2YLI NBR gAl
guestionnaire presented irgection 3. While some agencies utilize thresholds for pavement
conditionor 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, amd doing so, one important assiption should hold

truet the alternatives provide the same level of benefit to the useim. BOT, these two
competing alternatives are AC and PCC pavements. As such, the infocatiser benefit or
pavement performanceand associatedthreshold should beequivalent between the two
pavementsand it is the timat takesto reach that thresholdhat determines the initial service

life.

Agencies are required to repotthe condition and performance of their roadways annually as
part of HPMS3). Specificallythe data requirements for th&1 surfaces considered in HPMS are
shown inTable 5.1Shown in Table 5.1 are the performance metric data required for each surface
type, indicated by the unit of measure for IRI, tfamge of values for PS&nd the precisin for
rutting and faulting. The HPMS field manual also provides brief descriptions for the cracking
percent to be reported for each pavement tyg@nly two types of pavement condition indicators

are common to both AC and PCC pavements: cracking and resgihAlthough 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
asa percentageof total slabs, etc.) aries by pavement type, as shown in Table 5.1. Pavement
roughness is reported through either PSR or IRI. PSR is a suljeatipesiterating of pavement
performance that includesoughness 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

66



new pavement or newly resurfaced pavement with no distressawery smooth ride. PS¢an
be reported rather than IRflor routes on NH®vhere the posted speed limit is less than 40 mph

Table5.1 RequiredHPMSData by Surface Type)

Pavement IRI PSR | Rutting | Faulting Cracking %
Type
Unpaved
Bituminous | in/mi | 0.1¢5.0 | 0.1in Fatigue % area
JPCP inf/mi | 0.1¢5.0 0.1in % cracked slabs
JRCP inf/mi | 0.1¢5.0 0.1in % cracked slabs
. Punchout/long./
CRCP in/mi | 0.1¢5.0 patch % area
AC Oxglay M in/mi 0.1¢5.0| 0.1in Fatigue % area
AC C?]Vggay on inf/mi | 0.1¢5.0| 0.1in Fatigue % area
AC Overlayon . , . . . 0
CRCP infmi | 0.1¢5.0| 0.1in Fatigue % area
Unbonded JCK . , . .
0 q
Overlay on PC inf/mi | 0.1¢5.0 0.1in Y% cracked slabg
Bonded PCC| . , . .
[ q
Overlay on PC in/fmi | 0.1¢5.0 0.1in Y% cracked slabg
Other €.g. o
brick) in/mi | 0.1¢5.0

Prior to the publication of proposed performance measures for MAPa studywaspublished
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with a focus on bridges and @eS Y Sy (i &
researchers were tasked with developing a consistent approach for categorizing pavements as

good, fair, or poorA pilot studywas conductecconsisting of data from threBOE to explore
the use of various parameters for evaluating pavement conditi@h pavement condition index,
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structural capacity based on deflections, selected distresses combined with IRl and/or structural
capacity, and remaining service life. Comparisons were made amongst state PMS data, HPMS

data (if available for the parameterand field data to determine if thervasany correlation
among the data setsAmong the condition measures evaluated (IRI, craclpegcentage
cracking length, rutting, and faultingd highlevel of confidence in the data was foundly for

IRI. It wasalso reported that IRl does not fully represent the condition of the pavement,
particularly the ability of the pavement structure to withstand traffic loadings. However, based

on the findingsit was recommended that IRI be used as a good/fair/poor indicat the national

level @8).

As part of MAR21,DOB arerequired to establish targets and report progresshe near future
for four performance measures dependent on pavement tyipeludinglRI, cracking, ruttinépr
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AC pavementsand faultingfor PCC pavement&). Although Rl and crackingre required for
both AC and PCC pavementsacking typesand the associated MAPL thresholdsdiffer by
pavement type.

l'a LRAYOGSR 2dzi Ay (GKS Cl2!1 NBLR2NILSX d{efledsRe 27
substantial variability associated with manual crack rati#f. (As a result, automated crack

data collection methods as outlined in the AASHTO Automated Cracking Data Standards for
Collection and Analysend AASHTO Standa®P6714 and PP684 have become increasingly
popular amongDOB. However, different automated methods for crack detection and data
collection exist.Thereis a nationallyrecognized need to unify data reporting and standardize
pavement crack definitions. In response, NCHRiR&r0157A (previously NCHRP Project 01
57yl a AYAGAFGSR FyR Aa Odszandary, discrete definitiohdNg@ 3 NS
O2YY2y ONI O1Ay3a GeLSa Ay Tt SEAdstasid@patedihatthe = |
results of the NCHRRudy will aidDOE in sharing information as well as reporting for federal
NEIljdzZA NBYSyida FyR aaSatidAaya ylraAgylrtsz aidlaSz |y

aa
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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
pavementperformancethat includesroughness however, IRI is an objectivena repeatable
measure of roughness defined in ASTM E 867 as the amount a longitudinal profile deviates from
a true planar surfaceA relative measure of the longitudinal profile is determined with an inertial
profiler to which a mathematical model is apgdi to compute IRl as the suspension (vertical)
displacement per unit of distance travele8D( 31). Qualitative categories for IRI were published

in 2000to help agencies translate between the perceived pavement roughness rated with PSR
and the measured IRvalues, as shown in Table 5d Interstates As part of the national
performance measures for MAPL, good, fair, and poor IRl were definedthg FHWA in 201,

also shown in Table 5.2)(

Table5.2 FHWAIRI Categories4( 32)

IRI Categories of Roughness/(ni)
Agency Very Good| Good Fair Poor Very Poor
FHWA 2000 <60 6094 | 95¢119 | 120¢170 > 170
FHWA (207) <95 95¢ 170 > 170

Although cracking may provide an understanding of how a pavensedégrading, pavement
NRdzZKYyS&da Aa 2Fi0iSy GO2yaARSNBR (GKS LI @SYSyid O
LISNDSLIIA2Y 2F (GKS 2@SNI f{ 382GV thehidpbriared of | LI &
pavement roughness to the traveling public ame tunified 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 IRl in Determining Initial Service Life

It was found in Section tBat although the use of IRl vaseamongDOTE, it is canmonly utilized
in the decisioamaking process for rehabilitation. Whether IRI is used directly, as a rehabilitation
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trigger, or indirectly as part of a condition indexwias found to play role in the determination

of actualservice lifeAs discussed previouslyjtial service lifeutilizedin LCCA should also reflect
current practice. Previous research demonstratest IRl can be used in estimating initial service
life.

In the 2005 study of seice 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 distress1(). The expected service life was determined based on the probability of
occurrence for each of thmllowing six distresses: fatigue cracking, longitudinal cracking in the
wheelpath, rutting, longitudinal cracking outside the wheelpath, transverse cracking, and
roughness. According to the researchergydarate level of roughngs 2.1 m/km to2.5 m/km
(133.1in/mi to 158.4in/miv 3is thé amount of roughness that typically will trigger some type of
rehabilitation activity¢ Similarly, moderate levels for the other five distresses signified the
amount of distress that would typically trigger some type of rehabilitation. The timeA@r
pavements to reach this level of roughness was estimated at 22 years. This value wase¢he sa
time for ACpavements to reach moderate levels of each rutting, longitudinal cracking outside
the wheelpath, and transverse crackin@0). Of the six distresses investigatethese four
distresses marked the shortest estimated time ARCpavements to each 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 DOI3). Although survival analyses were conducted to estimate service
life based on agea performance aalysis was also conducted to determihe 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 flom which a common threshold value was established. Using PMS data, the
relationship between IRl and age was modeletich was in turn used to determine the age at
which the pavement had reached or would reach the IRI threshold (the expected servitar life)
each pavement typelQ).

In a study aimed at evaluating the performance anddifeles of concrete pavements in Georgia,
GFlLdz GAy3a AYRSE Ay O2yadzy Oibrddted disfrdsse&k weP dz3 Ky
recommended as the primary performance indiddth T2 NJ ARSYUGAFeAW)I (G KS
However, the authors ultimately determineskrvice lifeseparatelyfor historical times of major
rehabilitation (or AC overlay) and for the timeededto reacha faulting index threshold.

A more recent study as conducted to determine the time to rehabilitation for Superpave
asphaltpavements in Colorad®). 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 2015BVIPavement Design Manual, the time wach 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 timeeach the IRI
threshold of 160in/mi on interstate pavements of 13 years. The estimated time on all other
routes statewide to reach 20@/mi was reported as 19 yea(9).

As noted abovgprevious research has been conducted to estimate expected selifecat the
national level using LTPP d4i®); 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 fatiindual distresses (including IRI); however,
the threshold values were not validated based on actual distress values at the time of
rehabilitation. Althoughother researchers identified a common IRI threshold for AG B&C
pavements based on mean IRIued at the time of rehabilitationthe value was limited to
roadways in Kansg43). IRI bridges the performanaziteria betweenAC and PCC pavements,
enabling it to be used for evaluating equal levels of performance in unlike pavement types.
Therefore, here is a need to understand IRI values at the time of first rehabilitation and to
determine the rate at which IRI progresses in other words the rate at which ride quality
deteriorates. The remaining subsections delve into the LTPP pavement seotdetetmine IRI
values just prior to their first rehabilitation as well as the IRI values over time leadingthe to
first rehabilitation to understand the increase in pavement roughness with pavement age.

5.2 Roughness at First Rehabilitation

Due to the limied IRI data available for Sp&/ement sectiongrior to rehabilitationas well as

the issues discussed in Section 4.2.2 regarding the early rehabilitation of pavement sections at
project sites, SPS dataas excludecdentirely from the evaluation of the deterioration of the
pavements with respect to IRl over time. Therefore, only pavement sectlmishad not
received rehabilitation prior to entry into the LTPP program and were initially entered into the
program in oneof the following GPS experiments were utilized: GRAC on granular base)
GP£ (AC on bound baselsPS3 (JPCR)GPS! (JRCR)r GPS (CRCPR)

As noted in Section 4,8he middle 90% of the AC and PCC distributionsbmansedto guard
against erroeously 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 sastions
described in section 4.3. The lower and upper boundaries of the middle 90% for each pavement
type are listed below

1 AC pavements
o Lower boundary: 6.7 years
0 Upper boundary: 22 years
1 PCC pavements
o0 Lower boundary: 12.0 years
0 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 sdhe data were filtered to include only pavement secticdhat were
rehabilitated for the first time between the boundaries listed above fo tespective 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 pavemeimsluded 121 pavement sections, roughness
measurements (using inertial profilers to obtain IRI values) were not made on every pavement
section prior to rehabilitationAs a result,lie available pavement sections in the U.S. and Canada
with time of firstrehabilitation within the upper and lower boundaries atitseincludng 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 understandgbdormanceof each
pavement type at the time the first rehabilitation was perceived necessary. Therefosnalysis

of the last IRl value measured prior to the application of the first rehabilitation activity is
presented first. Further analysis is presedtaterin thissection to examine the deterioration of

the pavements with respect to roughness over tirAhough the most complete and consistent
dataset (LTPP) was used for this anajyisese are limitatiors with the datathat should be noted

First the last IRl 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. Theretbee 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. Taemainconsistent with the reporting requements for HPM&nd MAR21, MRI was used

for these evaluations. When IRI was measured for the LTPP prajeglisate measurements

were generallymade with the inertial profiler on a given day in which IRl was measured in the
left and right wheelpaths.df each run, MRI was calculated and stored in the LTPP database as
the mean IRI of the two wheelpaths. Averag# the replicate MRI values for each date were
calculated and utilized in the analyses presented in the following subsections.

5.2.1 Roughness Prido First Rehabilitation biavementype

Roughness measured prior to the first rehabilitation was examined by pavement type tamgain
understanding of the approximate MRI at the timerehabilitation. Thenumber of GPS sections

as well as theverage, median, minimum, maximum, standard deviation, and 95% confidence
interval for the lastreplicate MRI valuesefore the first rehabilitatiorfor each pavement type

are listed in Table 5.3n average, AC pavements were smoother than PCC paveatethts

time of rehabilitation. However, based on the standard deviation, AC pavements were much
more variableThe aerage MRI for both AC and PCC paveme®rte approximately equidistant
from 120in/mi, an early value used to delineate between fair an@mpmughnessand utilized

by the FHWAIn 2000to translate PSR to IR32). 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 qualitpf their pavtementsasdroughe or gpoor.€ As discussed in Section 3.2.3,
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four agencies reported values of 170 in/arigreater, and one agency, Pennsylvamdicated a

value of 150 in/miasthe boundary between fair and poor ride qualigll of which are much

greater than the average MRI found for either AC or PCC pavements just prior to rehabilitation.
Only one agency, Neva@OT reported a IRIG | £ dzS Of  aaAFeAy3d AyiaSNRBROLI
in tune with the average MRI value found here. NevB@ & @ | 15daénileXafls bstween

the average MRI for AC and PCC pavements, as shown in Table 5.3.

Table5.3 Summary of Last MRI Value before First Rehabilitation by Pavement Type

Avg MRI| Median MRI | Min MRI | Max MRI | Std. Dev.| 95% Confidence

Type| No. | (in/mi) (in/mi) (in/mi) (in/mi) (in/mi) Interval (in/mi)
AC | 166 | 112.4 994 302 359.0 54.0 104.1¢ 1207
PCC| 90 129.0 119.2 483 2607 46.1 119.3¢ 138.6

The maximum MRI value prior to rehabilitation was exceptiorfafirfor both pavement types,

with maximum MRI values much greater than the ITni 02 y a A RSNBR dzy I OOSLIi | 6
categories for MAR1 shown in Table 5.21). Additionally, both AC and PCC pavements had
minimum values representative of very smoothvements.

The median MRI values were less than the average MRI by approximatalyni@nd 13in/mi

for PCC and AC pavements, respectively. The median MRl valwgthiely’ C1 21 Q& FI A NJ C
of 96in/mi to 120in/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 valtiesless

the average MRI values are likely due to the long rigité of the distributions.
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Figure5.1 Distribution of MRI Prior to First Rehabilitation for AC Pavements
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Figure5.2 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 95n/mi and less than or equal to 126/mi. Although the distribution for AC
pavements shares the same peak, pavements with MRI values greater th@dmd&nd less than

or equal to 70n/mi occurred almost as frequently, indicatitigat AC pavements with good or

very good ride quality wereehabilitated 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 agerMRI prior to rehabilitation
falls into each FHWA category is listed in Tab#eVBhile the frequencies of pavements are
grouped in Figures 5.1 and 5.2 at even intervals for MRI, the categories defitlealF{WA are

not at even intervals. As a resuthe datashow 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 pavemenippasste

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 it7éi (34). As shown imable5.4, the percentage of total
pavement sectionsvith MRIvaluesprior to rehabilitation in this categoryasnearly equivalent

for both AC and PCC pavements at just over 14%. The data presented in Table 5.4 thaggests
rehabilitation occurs on AC pavemsnwell before reaching unacceptable levels ahdt AC
pavements are more likely to have good ride quality prior to rehabilitatidrile PCC pavements
are more likely to reach poor ride quality before rehabilitation occurs.
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