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EXECUTIVE SUMMARY

Pavement condition improves, or its performance rating jumps, affggvement receives a
preservation or rehabilitation treatment. HevemenCondition Rating (PCR) used by tNerth
Carolina Department of Transportation (NCDOi§) a composite index which represents a
consolidated condition of various types of surfde#resses. PCR ranges from 0 to 100, with a
higher score representing a better performance condition. An appropriate treatment can effectively
eliminate distresses from the surface layer, resultingoiosétreatment PCRRost PCR) of 100.
Currentlyin North Carolina, thé’ost PCR is set as 100, meaning that the pavement surface has
been restored to a perfect conditidhis practice is not invalid since it has been observed in other
PMSs as engineering judgment plays a significant role in suchregsiResearchhowever has

shown that this improvement, or performance jump, depends on a number of factors including the
type of treatment appliedhis indicates that the PCR value after treatment might be less than 100.
This researckvas conducted to investigate the magnitudes of pavement performance jumps caused
by most common types of treatment utilized by the NCDOT.

Setting a different value for the pdstatmentPCR valueother than 100 will help NCDOT
engineers make effectiveasions, as the pavement condition can drop to the treatment threshold
quicker. For example, a drop from 92 to 60 is quicker than a drop from 100 to 60. Keeping this in
mind, the decision makers can recommend the most appropriate pavement preserviggyn stra
based on the treatments being applied and the benefit they provide in terms of performance jump.
It will also enable engineers to predict the performance of pavements more accurately using the
posttreatment performance curves developed during thdy/st

In this study, the performance jump is defined as the difference betweenegireent
performanceraluesand the postreatmenperformanceralues. Windshield data was used because

the volume of repeated automated measurements of PCR was nasiui@dequately calculate
performance jumps for all families of pavemerits.determingperformance jumg) theroadway

sections with performance jumps were identified and their age reset to zetfweiapdrformance

models were developed to model tRER value after treatment. Additionally, afteeatment
performance curves were developed. These curves were compared with performance curves before
treatment to identify differences in performance.

To gain the largest treatment benefit, the ideal gattnent PCR values were also determined
using CostBenefit Analysis (CBA) and regression analysis.

Based on the study of 56 roadway treatment families, the following conclusions have been drawn:

1 In North Carolina,AC Construction/Reconstruction, Chipeal, Mill + Resurface and
Resurfaceare the most commonly applied treatments for ASP pavements;J@Rd
Construction / Reconstruction, JCP Minor RehabilitatiandUnbonded Concrete Overlay
(UBC)for JCP pavements.

1 PosttreatmentASPp e r f 0 r ma nirteecepts argnvdessedding order, 92.8, 90.0, 87.8,
and 84.6 forAC Construction/Reconstruction, Resurface, Mill + Resutfacel Chip Seal
respectively.
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1 In descending ordeaverageperformance jumps of ASP treatmeate 28.7, 28.3, 27.9, and
26.0 for AC Construction/Reconstruction, Resurface, Mill + Resurfaared Chip Seal
respectively.

1 Among4 ASP treatment#)C Construction / Reconstructitras the largest benefit, followed
by Mill+ResurfaceandResurfaceandChip Seahas the smallest benefi

1 To obtain the highest treatment benefit, the best timing to applying ASP treatmerits are:
Chip SealwhenPre_PCR value is 53.98; ftMill+Resurface whenthe Pre_PCR value is
50.49.1t seems that ibne ofthese two treatmentsas been selectedgerring treatingNC
pavementdy one yeamight ease budget constrairasd still have a slight benefit gain. It
should be noted, however, that roadways that are not treated on time can cause safety issues,
affect public perception and the overall network performance. Therefore, it is essential that
engineers need to carefuktvaluate pros and cons associated with each option before making
the final maintenance decision.

1 Except forChip Seal all other ASP treatment curves follow the same deterioration trend:
parallel and then rejoin the original performance curi#es.Chip Seal the treatment curve
quickly rejoins the original curve and then stays below it. This mean<thptSealcurve
quickly underperforms the original curve.

Recommendations for avenues of further research are highlighted below:

1 It is recommended te@ombine Mill + Resurface and Resurfacedata and study their
performance in a future studMlill + Resurfaceis a more intensive treatment thaasurface
its performance, according to the results of this study, however, was worseethamiacelt
is poss#ble that the decision of usinilill + Resurfacewas made not based on distres
severities, but for maintainirgeometric and operational featuregwoib and gutter. Therefore,
data of these two treatments probably should be combined and studied again.

9 It is recommended to ugke average Pre_PCR values determined in this study to define
pretreatment conditiondor future performance modelsPretreatment condition can
significantly impacpavemenperformanceOne way to include pretreatmesanditionin the
performance evaluation process igndudeit as a grouping factor when develop performance
models. For example, thgS 0-5k family can be divided intawo subfamilies based on
Good/Poor pretreatment conditiodS 0-5k /Goodand US 0-5k /Poor, andthesefamily
models can be developed to more accurately predict pavement perforinathig process,
theaverage Pre_PCR values determined in this stadyoe used as thresholds to define Good
and Poor conditions.

1 Itis recommended that the influendeotherfactors associated with treatments be considered.
This study focused on the dominant types of treatments apahdfijture studies may focus
on the materials used in these treatments, the thicknesses of overlays, and the effects of
combinationf potential factors
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CHAPTER 1 INTRODUCTION
1.1Background

This research was conducted to deternpagement performance jumps after treatment for the
North Carolina Department of Transportation (NCDOT). In this study, the performance jump is
defined as the difference between -preatmentperformancevalues and the posttreatment
performancevalues.

The NCDOT Pavement Management System (PMS) measures the performance of a pavement
section in terms dPavemenCondition Rating (PCR), whose value ranges from 0 to 100. A PCR

of 100 denotes that the pavement is free of any distresses. NCDOT resets tbéR&lReo 100

after a treatment is performed, effectively inducing an improvement of performance. This practice
is not invalid since it has been observed in other PA4®ngineering judgment plays a significant

role in such systemgKhattak and Baladi 2015)However, research has shown that this
improvement, or performance jump, depends on a number of factors includingptheft
treatment applie(@ean and Baladi 2013J his indicates that thgosttreatmenPCR value might

be lesshan 100.

Setting a different value for thgosttreatmentPCR valueother than 100 will help NCDOT
engineers make effective decisions, as the pavement condition can dropeatthertt threshold
quicker. For example, a drop from 92 to 6@uscker than a drop from 100 to 60. Keeping this in
mind, the decision makers can recommend the most appropriate payeesamvatiorstrategy

based on the treatments being applied and the benefit they provide in terms of performance jump.
It will alsoenable engineers to predict the performance of pavements more accurately using the
posttreatment performance curves developed during this study. This is because the deterioration
of a pavement section changes once it is treated.

1.2 Purpose and Scope

Thegoal of this research was to determine the performance jumps of the most common types of
treatment utilized by the NCDOT. Windshield data was preferred over automatée ciata¢he

volume ofrepeatechutomatedneasurements of PCR was not sufficientdecuately calculate
performance jumps for all families of pavements

1.3 Research Approach

To achieve this goal, the sections with performance jumps were identified and their age reset to
zero, andperformancemodek were developedto model the PCR value after treatment.
Additionally, aftertreatment performance curves were developed. These curves were compared
with performance curves before treatmémtidentify differences in performanc&o gain the

largest treatment benefit, the ideadfpeatment PCR values were also determifid.data being
analyzed included treatment history and pavement condltabased on the windshield survey
collection methodor asphal{ASP)and concret¢JCP)pavements.



1.4 Organization of the Report

Chaper 1 provides the background of the study and tayghe research goals and objectives.
Chapter 2 is a comprehensive review of the literature available on performance jumps and other
relevant topics. The methodology of this rese@aamown in detaiin Chapter3, and thdindings

and conclusionsare presented and discussed ©@hapter 4. Finally, Chapter 5 presents
recommendations for future research, and an implementation and technical transfer plan is
included in Chapter.6



CHAPTER 2 LITERATURE REVIEW

A comprehensive literature review was condutteslimmarizehe findings fronpreviousstudies
that are relevant to this study.

2.1 Pavement Performance

Pavement performance is a measure of how pavements change their condition tineserve
intended function with accumulating udg/tton 1987) Pavement performance measurements are
the basis of pavement performance models. Highway agencies all over the country have different
methods to measure the condition of their pavements and model the performance. International
Roughness Index (IRI) andtrdepth (RUT) are among the performance indicators collected
regularly by the agencigifan et al. 2009)

In addition to IRl and RUT, a wetlocumented method of measuring pavement performance is
the Pavement Condition Index (PCI). PCI is a composite index which is based on timaiicior
about distress type, severity, and extent observed in the field (AASHTO 2012). It is calculated by
subtracting deduct points from a perfect score of 100 where the deduct points are assigned based
on the type, severity, and extent of the distresgepawement sections visually surveyed.
(AASHTO 2012). There are two methods by which pavement sections are sufivieyiely et al.
2011)
1. The traditional manual method which involves trained personnel making observations by
slowly walking or driving on the road
2. Automated data collection process which utilizes vehicles mountedaviikras and other
observational equipment

2.2 Pavement Condition Rating

NCDOT relies on a composite index called Pavement Condition Rating (PCR) to measure the
condition of its pavement#.is apoint-basednatrix system thadeducs points depending omé
amount of distresses on the roadway. firtadrix starts with a value of 100 for a perfect roadway,
and deductions are made basedhanseverity levels observed in the field. These deduction values
have been derived by tiNCDOT engineers based on thg@ars of experience.

An index like the PCR must be designed to transfer real distress data to a scalar that can be used
to express the health of the netw¢Baladi et al. 2011)In this regards, the NCDOT publishes a
manual for the surveys which outlines the method to measure the type of the distress, as well as
the severity in categories of low, medium, or high. Deduct values are assigned based on the
cate@ries of severityNCDOT 2011)

NCDOT collects pavement performance data using windshield surveys as well as automated
surveys adopted recentéxccording toCorley-Lay et al. (201Q)North Carolina surveys 100% of

its flexible pavements and a 208ample of each rigid pavement on -g€ar cycle.Starting in

2010, allpavements have been surveyed annuallyl@086 rate.

This study focuses on the datallected using the manual methoalso referred toas the
windshield survey method.he reasons that the sufficient quantity and construction history of
the windshield data makes it a better data sourcetligaautomated data.



2.3 Treatment Effectiveness and Performance Jumps

Whenever the condition of a pavement section falls below a predefined threshold, a treatment is
applied to rehabilitate the section. These treatments can be categorized as preventive maintenance
or corrective maintenandelaas et al. 1994Preventive maintenance is performed to maintain a
sectionb6és performance above the threshold whe
which have fallerbelowanacceptable condition.

A treatment is assumed to repair or restore the pavement condition, or performance, to a level
substantially higher than the pireatment level (Rajagopal and George 1990). One method of
determining treatment effectivendssdetermining the area under the pavement condition versus
time curve, where a large area indicates greater effectivevilasdouk and Zaniewski 1998)he
improvement in the remaining service life of a pavement section after a treatment is applied is
another measure of treatment effectivengédsnadorJiménez and Afghari 2015; Baladi et al.
2011)

Labi and Sinha (2003have termed performance jumps as another measure of treatment
effectiveness in the short term for individual treatments, as opposed to long term effectiveness
which can be determined by evaluating multipeatments applied over a pavement life cycle. In
another studyl.abi and Sinha (2003)ave stated thdhe performance jumps simply the vertical,

or instantaneouslevation in the performance oondition of a pavement due to maintenamke

an indicator of treatment effectiveness, performance jumps can be used to select an optimal
treatment for pavement dissses from the available alternatives as wetb aptimize thetiming

for treatmentapplicatiors (Haider and Dwaikat 2011; Wang et al. 201lt)can also be used to
measure the cost effectiveness of treatments ap(hifad et al. 2009)

In this study, the performance jupgr condition jumpis defined as the difference between-pre
treatment PCR value@he PCR values right before treatment, i.e., Pre_P&Rl) the post
treatment PCR valge(the predicted PCR values right after treatment, i.e., Post. FgRje 1
shows the performance jump at age 6ndé due to

2.4 Previous Studies on Performane Jumps

In their paperlabi and Sinha (2003hcluded examples of studies on calculation of performance
jumps for different treatments in pavembhereservation. In an attempt to study the economic
benefits of preventive maintenance treatmefikdMansour and Sinha (1994)udied thegain in
Pavement Serviceabilitypdex (PSl)as a result of seal coating in Indiamyacomparing the pre
treatment and podteatment PSI within one year of the treatment being applied. The PSI ranges
from 1 to 5 with 5 being the highest value. They concluded that a pavement shouldlimtvbed

to deteriorate beyond a PSI of 3 to achieve the maximum benefits in terms of performance and
costs.

Labi and Sinha (2003) on the other hand defined performance jumps as a measure of short term
effectiveness of pavement treatments and compared\thin two other effectiveness measures:
Deterioration Reduction Level (DRL) and Deterioration Rate Reduction (DRR). They argued that
relative timing between pavement maintenance and performance survey is vital in the computation



of shortterm effectivenes, and they derived expressions based on these relative scenarios as a
prelude to the overall process of maintenance effectiveness evaluation.
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Figurel: Pavement Performance Curve with a Condition Jump

Building on the previously mentioned studybi et al. (2007used performance jumps in RUT,

IRI, and PCR and developed a method to meakereftectiveness of microsurfacing treatements

for roadway sections in Indiana. Thetudy showed the immediate benefits of microsurfacing in

all three performance measures, with PCR showing an increase9otin&s. Similarly,
performance jumps of resading treatments were calculated to demonstrate treatment
effectiveness and cost effectiveness using pavement data in Tenji@sseet al. 2011)In both

studies, performance jumps were considered as an appropriate measure of short term effectiveness
of treatments, however the treatments analyzed were surficial in nature.

Bao et al. (2010¢alculated the performance jumps for two treatments: minor leveling siiiin
stabilization. These treatments were applied to mitigate pavement rutting (RUT) and roughness
(IR1) in New Zealandlt wasconcludedhat insitu stabilization was more effective over the long

term Lu and Tolliver (2012used performance jumps in IRI talculate the effectiveness bt

mix overlay, crack sealing, aggregaeal, and chip seal treatments using data fhreh.ong Term
Pavement Performance (LTPP) program. In a study sponsored by the Louisiana Department of
Transportation and Development (DD), Khattak and Baladi (2015 et er mi ned new
valuesd for overl ay, c dplagemest dyadlotting iRl of pavemsnti r f a ¢
sections against time and using best fit curves. Reset value is another description for pavement
condition after treatment because of performance jump. In these examples, the performance jumps
were calculated in ternd IRl and RUT instead of a composite index such as PCR.



CHAPTER 3 RESEARCH METHODOLOGY

This chapter includes the methodology of determining performance jumps for both asphalt and
concrete pavements. In addition, approacheeweéloping the relationship between the calculated
treatment benefit and Pre_PCR valuasd evaluating performance curves following treatments
are also presented.

3.1Performance Jumps

This sectiondescribes the proceduiedetermine the performance jump, which can be calculated
by subtracting thePre PCR value from theéPost PCR value after a specific treatment was
performed.Severalstepswere involved inachiewng this goal,as shown in Figure 2. Thesteps
arethesane for both asphalt and concrete pavements

Step 1: Merge Performance Data and Construction History Data

Step 2: Create Roadway Families and Treatment Families

Step 3: Identify Performance Jumps

Step 4:Develop Performance Models and Determine Post_ PCR Values

Step 5: Tetermine Performance Jumps

Figure2: Methodology flowchart

3.1.2ResearchMethod
Detailed descriptions ohestepsshown in Figure 2 anacludedin the following sections.
3.1.2.1Step1: Merge Performance Data and ConstructiorHistory Data

The NCDOT records its pavement data in two separate datasets:
1. Windshield data foasphaltand concretegvements
2. Statewide construction history

These two datasets were merged together, and the unified datasesuwdigided to obtain
pavement and treatment families.



The windshield data includes the pavement distress information from the survey, along with the
rating number (PCR) aminnual Average Didy Traffic (AADT ) information. It also includes the

year when the condition of the section was surveyed, termed as effective year (EFF_YEAR). The
records available were frot®82 to 2010This information was vital for creating pavement family
datasets. @the other hand, the construction data has the year in which the section was constructed
or reconstructed (completion year or YEAR_COMP), as well as the history of treatments applied
on the roadway sections frot920 to 2016The treatment history was imant to subdivide the
pavement families into treatment families. The route and county information for the sections is
common to both datasets.

For both asphalt and concrete pavements, the performance data was merged with the construction
data, matchinghe route and county information to develop a unified dataset. A number of samples
were then removed from the unified dataset whose year of construction was later than the year
when it was surveyed. This condition was necessary to eliminate the possibilégative age

being reported, as age of a section is the difference between the year it was completed
(YEAR_COMP) and the year it was surveyed (EFF_YEAR).

The construction history and performance data record the length of the sections differémgly. In
construction data, section length is recorded between mileposts (recorded as Begin_MP and
To_MP) whereas the performance data records section lengths within offsets (OFFSET_FROM
and OFFSET_TO). The length of the section surveyed is often times diffeaenthe length of

the section that was treat@@dhen and Mastin 2015The merging process matches the sections
based on their route and countyamhation which leaves a possibility that the mileposts are either
partially or entirely outside of the offset lengths.

The mileposts ending before the beginning of the offset, or beginning after the end of the offset,
were removed entirely while the paity overlapping sections were evaluated based on the nine
situations that occurre@hen and Mastin 2015 he sections with at least 50% of the @mste

between their mileposts lying within the offsets were kept and the rest were discarded. A threshold
of 50% was selected after conversation with the NCDOT engineers. The threshold captures a large
number of sections, while avoiding sections whose apei$ too short as the afteeatment
performance ratings of these short sections cannot accurately represent the performance of the
remaining section that were not treated.

3.1.2.2 Step2: Create Roadway Families and Treatment Families

Pavements irthe unified datasetcreated werehen groupedby functional classification and
AADT, in order to develop roadway familieas shown in Table 1, a total of 14 asphalt (ASP)
roadway familieswere developed in this study. In additiaame concrete (JCHpmily was
developed as well

Tablel: Pavement Families

Functional Classification AADT Pavement Family
0-50k Interstate 660k
ASP Interstate
>50k Interstate 50k+
ASPUS 0-5k US 05k




5-15k US 515k

15-30k US 1530k
>30k US 30k+
0-1k NC 0-1k
1-5k NC 1-5k

ASP_NC
5-15k NC 515k
>15k NC 15k+
0-1k SR 01k
1-5k SR 15k
ASP_SR (Secondary Routes)

5-15k SR 515k
>15k SR 15k+

These roadway families were further sylouped into treatment familigg.g., SR @Lk/Chip
Seal).Prior to the creation of treatment families, the construction history was analyzed to extract
the treatments recorded, whiahe presented in Table 2. These treatment types are common to
both asphalt and concrete pavements, heweot all of them are applied with the same frequency.

Therefore, for this study, the treatments thatthadyreatestumber of sectiong@ble3 andTable
4) were considered for analysis.

Of these treatment typehe following adjustments were made:
1 For ASP pavements:

o Thesecti ons fooprResRe $ arcfaancle WRdeodf ace +
Wo r lwdre combinednto 6 R e s u due doctleedsimilar nature of these two
treatmentsfFor t he same reason, OMi Il + Resurf
and 6 Mi | | + Resurface mtodWidleln 6+ wRe urafl a®

0 RC Construction/Rec@n,JCP6Construction/Rec6n,JCPéMinor Rehab |, and
dJnbonded Concrete OverldyUB C) 6 w e rbecausehay lara tleatohents
for JCP pavements.

0 6Shoulod&r Wnd OdeWludbdbecausewrey age not included in the
scope of work

1 ForJCPpavements:

0 OGAC Construction/Recdin Chip Seah Mild + Resurface/Mill + Resurface +
ShoulderMill + Resurface + Wided = aReslirfaééResurface + Shoulder Work
/Resurface + Widegh wer e becaudethey eak treatments foASP
pavements.

0 GCRC Construction/Rec@d Shoul der Wor k dexchudedbecaidd d e n 6
they are not included in the scope of work



Table2: Treatment types used by NCDOT

Treatment Type
AC Construction/Recon
Chip Seal
Crack Seal
CRC Construction/Recon
JCP Construction/Recon
JCP Minor Rehab

Mill + ResurfaceMill + Resurface + Shoulder
IMill + Resurface + Widen

Patching
Rehab
ResurfacéResurface + Shoulder Work
/Resurface + Widen
Shoulder Work
Unbonded Concrete Overl§yBC)
Widen

Table3: ASP Treatments

AC
Family Construction/ Chip Seal Mill+Resurfa.. Patching Rehab Resurface
Recon

Interstate 0-50k
Interstate S0kplus
US 0-5k

US 5-15k

US 15-30k

US 30kplus

NC 0-1k

NC 1-5k

NC 5-15k

NC 15kplus

SR 0-1k

SR 1-5k

SR 5-15k

SR 15kplus

Table4: JCP Treatments

JCP JCP Minor ; Conc Overlay
Crack Seal ConlRicou Rehab Patching Rehab (UBC)

) T ] 257 I ] 259



Table 3shows thenumbers of observationsf the different treatment types in the pavement
families for ASP pavements, whileable 4shows the same information for JCP pavements.
ensure an adequate number of pavement sections for antigsisllowing four treatment pes
were selected for analydisr ASP pavements:

1. AC Construction/Reconstruction

2. Chip Seal

3. Mill + Resurface

4. Resurface

The following three treatment types were selected for andtysiECP pavements:
1. JCP Construction/Reconstruction
2. JCP Minor Rehab
3. UnbondedConcrete Overlay (UBC)

3.1.2.3Step 3: Identify Performance Jumps

As describeckarlier, a performance jump occurs after a treatment is applgzhvemensection.

It was imperative for thistudyto identify these sections and calculate their f@SR values. The
PCR values righbefore the sections identified with having a jump were flaggedre PCR
values. TheéPre PCR valuesverelater used to calculate the performance jump as the difference
between the pre and pdastatment PCR values.

The identification process involvesinding the roadway sections where treatment was applied,
flagging these observed jumps, aresettingtheir ageusingthed Th-peent Metdnd d 6
Mastin 201% so their influence can be appropriately considered dutegdevelopment of

( Cl

performance models for treatment families. The resetting of age ensures that when a jump is

identified, the age at which it occurred is set to be zero, and the ages of subsequent datnpoints
be adjusted accordingly.

Table 5showsthe numberof performance jumps in th&SP pavement families, whild@able 6
shows the same information for JCP pavements.

Table5: Number of ASP Performance Jumps

AC
Family Construction/ Chip Seal Mill+Resurfa.. Patching Rehab Resurface
Recon

Interstate 0-50k
Interstate S0kplus
US 0-5k

US 5-15k

US 15-30k

US 30kplus

NC 0-1k

NC 1-5k

NC 5-15k

NC 15kplus

SR 0-1k

SR 1-5k

SR 5-15k

SR 15kplus
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Table6: Number of JCP Performance Jumps

JCP JCP Minor Conc Overlay
Crack Seal Con/Recon Rehab 7 Patching Rehab (UBO)

3.1.2.4 Step4: Develop Performance Models andDetermine Post PCR Values

Once thgpavement sections wijfamps were identified in the treatment families usingttiree
point method, the age and PCR valuewere used tgoredict the Post PCR values. These
Post PCRvalues were calculatagsingthe sigmoidal model equation at age zero. The sigmoidal
model form was used because it fits the performance datéGhelh et al. 2014)

The expression for the sigmoidal model is:
o —2

pQ

Where:

y: PCR rating

X: pavement age

a, b, c: model parameters

In order to impove the accuracy of these estimates, the first 20 years of data was selected and the
outliers were removed using a method based on Interquartile ranges, which is a standard outlier
removal methodgShoemaker 2008J-or the first 10 years, PCR values below the first quartile (Q1)
were removed, whereas for the next 10 years PCR values above the third quartile (Q3) were
removed. Additionallyall the data points at age zero were removed in order to estimate the
Post PCR value at age zero.

Table 7 shows the model parameters for ASP pavements while T&8bkhows the model
parameters for JCP pavements. Once the final estimates of the model parameters were determined,
these estimates were substituted into the equation and PCR for age zero was calculated. This new
PCR value at age zerdesignated aB in tables is thePost PCR for treatment familieShe
averageéPost PCR values are also included in the tablé®re are some empty cells in these two
tables because some treatment families have very few or no obserdatstiosid be noted that

all three JCRreatment curves are not reasonable, very likely caused by the data quality issue.
Therefore, it was decided that JCP pavements were excluded from further ar@dyses3 shows

the model curve dhterstate 50k+ (AC Construction/Reconstrucliohl other model curves are
included in Appendix A.
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Table7: Performance Model Parameters and HAosatment PCR Values for ASP Pavements

AC Construction /

. : Chip Seal Mill + Resurface Resurface
Family Reconstruction
a b c P a b c P a b C P a b c P
Interstate_0_50497.51{13.17-1.60| 97.5 88.7912.58-1.84| 88.7|92.9713.37-1.76| 92.9
Interstate 50k+|92.7615.91|-2.51] 92.6 90.8313.43-1.91{ 90.7|95.1313.61]-1.60] 95.1
US_0_5k 93.5613.29-1.39| 93.6(85.3913.99-3.05| 84.5|89.1012.19-1.94] 88.9(89.4913.93-2.79| 90.5

US_5 15k 92.32/14.00-1.99] 92.2(83.0313.61{-3.57/ 81.2|88.4512.30-1.94] 88.3(89.0313.63-2.65[ 90.1

US_15_ 30k 90.8413.81{-2.86) 90.1|83.9313.85-2.14| 83.8[85.67]13.81{-2.67| 85.2(89.2913.33-2.36| 89.0

US_30k+ 87.0914.29-2.83] 86.5|89.6013.45-2.41] 89.3

NC_0_1k 86.6614.19-2.04) 86.6|87.0310.31]-2.84| 84.8[88.9012.29-1.79| 88.8(90.21{14.57|-2.49 90.0

NC_1 5k 91.47/13.99-2.40 91.2182.2412.50-2.43 81.8(89.2411.48-1.71{ 89.1(89.31{13.90-2.53| 88.9

NC_5 15k 93.3314.07]-2.09) 93.2|82.6813.76-2.99 81.9(84.6512.14-2.49| 84.0(87.61{13.79-2.66| 87.1

NC_15k+ 94.3414.11-2.29 94.1 89.1311.61{-2.37| 88.5[89.32/13.15-2.65 88.7
SR_0_1k 93.0913.87]-1.69) 93.1|88.3712.50-2.38| 87.9[87.5312.21{-1.80| 87.4(92.7014.13-2.15 92.6
SR_1_5k 87.91/13.96/-2.21) 87.7|86.11111.93-2.65| 85.2(90.1614.15-2.50] 89.8(90.61{13.8§-2.32 90.4
SR _5 15k 97.3212.36-1.87] 97.2|84.5(0/13.80-3.33| 83.2(86.0613.39 -2.56| 85.6(88.6513.84-2.66) 88.2
SR_15k+ 96.7210.22/-1.43 96.6|92.71] 9.33]-1.90] 92.0{88.02113.27|-2.54] 87.6/88.2313.2§-2.59 87.7

Mean 92.8 84.6 87.8 90.0

Table8: Performance Model Parameters and Hosehtment PCR Values for JCP Pavements

JCP Construction / ) Unbonded Concrete
Family Reconstruction JCP Minor Rehab Overlay (UBC)
a b c P a b c P a b c P
JCP 100.090 20.00 | -7.40 [95.2|100.09 9.70 | -2.241100|97.341255.8(0-84.6092.8
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3.1.25 Step5: Determine Performance Jumps

In this study, a performance jumg calculated by subtracting there PCR value from the
Post PCRvalue after a specific treatment was performed. The equation of calculating performance
jumps is shown below:

Performance Jump = Post_ PCRre_PCR

Where:
Post_ PCRPost_Treatment PCRstimated PCR values when age is zero. They afe the
values in Tald 7 and Table8.
Pre_PCRPre_Treatment PCRverage PCR values observed right before pavements are
treated.

Table9 showsPre PCRvalues,Post PCRralues, and performance jumps for ASP pavements

Table9: Pre/Post_PCR Values aRérformance Jumps for ASP Pavements

AC Constructp n/ Chip Seal Mill + Resurface Resurface
Family Reconstruction
Pre_|Post_H Jump Pre [ Post_ Jump Pre_(Post | Jump Pre_|Post_ Jump
PCR| CR PCR| PCR PCR| PCR PCR| PCR
Interstate 0-50k | 71.6 97.5 | 25.9 66.1| 90.4| 24.3 | 66.2| 93.9| 27.8
Interstate 50k+ | 80.5| 92.6 | 12.1 60.5| 92.2| 31.6 | 66.5| 94.6 | 28.0
US 0-5k 62.7| 93.6 | 30.9|46.0| 84.5| 38.6|56.0|/ 89.4| 33.4 |61.1| 90.5| 294
US 5-15k 64.2( 92.2 | 28.1 |64.1| 81.2 | 17.2|60.6| 89.7| 29.1 | 63.9| 90.1| 26.1
US 15-30k 63.0| 90.1 | 27.1|52.1| 83.8| 31.7|62.4| 86.8| 24.4 | 64.2| 90.4 | 26.1
US 30k+ 70.7| 87.7| 17.0 | 64.1| 90.7 | 26.6
NC 0-1k 57.5| 86.6 | 29.1|58.8| 84.8 | 25.9|48.3| 89.3| 41.0 | 60.9| 91.7 | 30.8
NC 1-5k 56.7( 91.2 | 34.5|55.3| 81.8| 26.4|57.3| 89.7| 32.4 | 63.2| 90.6 | 27.4
NC 5-15k 55.6| 93.2 | 37.6|57.2| 81.9| 24.7|55.1| 85.6| 30.5 | 60.9| 88.8| 27.8
NC 15k+ 70.4] 94.1 | 23.7 58.91 89.1| 30.3 | 60.1| 90.5| 30.4
SR 0-1k 73.1] 93.1 | 20.0|64.3| 87.9| 23.6|65.2| 88.9| 23.6 | 61.8| 93.7| 31.9
SR 1-5k 66.5| 87.7 | 21.2|60.2| 85.2 | 25.0|62.8| 91.2| 28.5 | 61.7| 92.1 | 30.5
SR 5-15k 61.5| 97.2 | 35.6 |58.5| 83.2 | 24.7|67.2| 87.6| 20.4 | 60.7| 90.0 | 29.3
SR 15k+ 49.4| 96.6 | 47.2 (69.4| 92.0| 22.6 | 64.3| 88.8| 24.5 | 64.6| 89.2 | 24.7
Mean 64.1| 92.8 | 28.7|58.6| 84.6 | 26.0|61.1| 89.0| 27.9 | 62.9| 91.2| 28.3

Table9 shows thatfor all 4 ASP treatment typebjterstate routes are not allowed to deteriorate

too much and are treated at a higher threshold than other pavefgunts4 graphically illustrates

the average pYpost PCR values and performance jumps of 4 different ASP treatriésts.
results indicate that, on avera@g&P pavements are being treated when the PCR is in the range
of 58.6t0 62.9 TheirPost PCR values are betwee#.® and 2.8 Overall,Asphalt Coistruction

/ Reconstructiorhas the highesPre PCR, Post PCR, and jump values, followed will +
ResurfaceResurfaceandChip Seal These results are reasonable bec#&ilsp Sealreatments

are usually less intensive which is evident from the fact the treatment shows the lowest average
calculated jump and the lowegtost PCR value after treatmentsphalt Construction/
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Reconstructiorshows the highest pofRCR value since it is ®ery intens/e treatment and it
would mitigatemostof distresses in the pavemenll + ResurfaceandResurfacere moderate
treatments which explains thédost PCR values and jumps are betwé&hip Sealand Asphalt
Constructior/ Reconstruction
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Figure4: Average Pre/Post_PCR Values and Performance Jumps for ASP Pavements

3.2 Relationship Between the Calculated Benefit and Pavement Condition Ratings

The relationship between the PCR values, especially the Pre_ PCR valusdcataded treatment
benefits issentiabecauséhis relationship describes at what Pre_PCR value the largest treatment
benefit can be achieved. In other words, this relatipnshh answer the question: when is the
good timing to apply certain types of treatments?

3.2.2ResearchMethod

Severaktepswere involved irdevelop this relationship.

3.2.2.1Step1: Calculate Treatment Benefit

Treatment benefit is calculatdarough CosBenefit Analysis (CBA), which is a builh function
of the NCDOT TPoMBd&n more feasonabie ealculated benefit vaR@possible
sets of benefit weight factors were selected and used for @Bwn et al. 2014)Analysis
constaintsinclude: $713 million budget per year, all 14 NC divisions, angees analysis period.
An excerpt of the final results is included in AppenBix
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3.2.2.2 Step2: Merge Performance Data andTreatment Benefit Data

The goalof this step is to create a database that contains the Pre_PCR@rdtedoenefit for
roadway sections thatere selected for treatment (previous task). This requires the merging of
two databases: performance data and treatment benefit data.

The following merging criteria were used:
1 Route number must be the same;
1 From_MP= Offset_Fromand
1 To_MP=Offset To

Sample sizes of ASP treatments of the merged data are included inlTahAf@ Construction /
Reconstructiolis the mosexpensivdareatmentype, and that might explawhy only 11 roadways
were selected for this treatment.

SeveralJCPpavement sections were selected during CBA, and all of them were treail€iPby
Minor Rehabilitation From the previous section, tB€P Minor Rehabilitationcurve and its
Pre_PCR valueare not reasonable, therefore JCP sections were not included in further analyses.

Table10: Merged Performance and Benefit Data: Sample Sizes

Treatment Sample Size
AC Construction/Recon 11
Chip Seal 3,023
Mill+Resurface 325
Resurface 1,186

3.2.2.3 Step3: Determine the Relationship of Pre_ PCRand Treatment Benefit

Scatterplots of 4 ASP treatmelflseatment Benefit vs. Pre_ PC&) shown in Figurb. Overall,

AC Construction/ Recomstruction has the largest benefit, followed Will+Resurface and
ResurfaceandChip Sealhas the smallest benefit. This order is the same as the one for performance
jumps described previously, indicating that the motensive a treatment ithenthe higher the
performance jump will be arttielargerthetreatment benefit obtained.

The awrage benefit ofAC Construction/ Recomstruction Chip Seal Mill+Resurface and
Resurfacare 967.9, 490.9, 929.0, and 847.1, respectively.

To determine the best Pre_PCR values, a regression analysis using polynomial function was
performance. Figure 6 shows the scatterplots with trend lines and confidence band€ The
Construction/ Recomstructionand theResurfacdrend lines are not reasdia because they are
concave up, indicating that the greatest benefit results from treatment of either a perfect pavement
(PCR =100) or a completely deteriorated pavement (PCR = 0). The causes are probably the very
small sample size foAC Construction’ Recostruction and the misclassification of treatment
types forResurface
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Figure5: Scatterplots of Benefit vs. Pre_ PCR

The remaining polynomial equations are:

For Chip Seal

Benefit =458.01525 + 1.59040*PreCRi 0.01473*PrePCR (2)
For Mill+Resurface

Benefit = 867.60629 3.26704Pre PCRi 0.08235Pre PCR (2)

The ideal Pre_PCR values can then be obtained by using the first derivati@ig@eal the
ideal Pre_PCR value is 53.98; tdill+Resurface the ideal Pre_PCR value is 50.49.

Currently in NCDOTO6s Needs Anal ysi s, once a
eligible to be treated. According to the two ideal Pre_PCR values obtained in this study, it seems
thatif Mill+Resurfaceor Chip Sealhas beeselectedNC pavements can lieeatedone yeatater

andstill have a slight benefgain It should be noted, however, that roadways that are not treated
on time can cause safety issues, affect public perception and the overall network performance.
Therefore,it is essential that engineers need to carefully evaluate pros and cons assotiated wi
each option before making the final maintenance decision.
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Figure6: Scatterplots of Benefit vs. Pre_ PCR with Trend Lines
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3.3 Evaluate Performance Curves Following Treatments

This section is to present a visual comparigetween treatment curves and original performance
curves developed in a previous stu@yén et al. 2014})o determine if these groups of two curves
are parallel, rejoining, or have some other form. Figgieowsan example, which i@ comparison

of Interstate 50k: AC Construction’ Recomstructionvs. Original. Other comparison figures are
included in AppendixXC.
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Figure7: Interstate 50k+: AC Construction / Reconstructien Original
Figure7 has three panel3he common axis for all three panels Bavemenige.

The top panel includes two performance cureesl its yaxisisPCR The APCR Tr eat me
represents th&C Construction’ Recomstruction curve (posttreatment curve) whi | e t he i
Windshid d 0 curve represent s ({tsheuldbe notgdithatahle scales off o r m:
y-axis are differentThis allows two curves with different intercepts to start from the same point,
making visual comparison easier. In this case, the two chievesthe same slopst around Age

12.3 (when two curves meet in the middle panel) and eventually rejoin.

The middle panel includes two slope curves. T
derivatives) of théAC Constructionl Recomstructionc ur ve; whi l e t he ASI ope
represents the same information for the original performance climeereatment curve and the

original performance curve are parallel whentihe curvesin this panelare equalin this case,

all slopes ar@egative indicating the two functions in the top panel are decreasing over Age.
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The bottom panel includes twslope ofs| ope curiSlkopeS| opidheTrieat ment o
represents slopesdcondderivatives) of theslopecurvein the middle panelwhile thefi S| o p e
SlopeWi ndshi el do curve represents the sane infort
this caset he ASI ope Sl ope Tr erachangethanotheft SIlr vype h3lso pa
Wi ndshieldo curve bet ween Angestcutvg hasagreater hanged n d i
(drop) in PCR than the original performance curve between Age 12 and 18.

From 51 ASP comparisdiigures(Appendix C) except forChip Sealit is obvious that the two
curves are following the same trend as seen in Figuparallel and rejoin. Fo€hip Seal the
treatment curve quickly rejoins the original curve and then stays below it. This mea@sifhat
Sealcurve quickly undeperforms the original curve.

19



CHAPTER 4 FINDINGS AND CONCLUSIONS

In this study, effort has been made determine pavement performance jumps after treatment,
which are defined as the difference betweertatment and pogteatment Pavement Condition
Rating (PCR) valuesConsequently, the study has analyzkd pavement pedrmancedata
collected by windshield surveys, dividgdnto treatment families which were based on the most
common treatments applied by the NCDOT on their asphalt and concrete payealentated
Pretreatment and posteatment PCR values to determithe performance jumps, adeveloped
aftertreatment performance curves. These jumps along with the performance curves can provide
better prediction of the pavement condition over its life after a treatment is appliebsiatl
NCDOT engineers develging effective treatment plans.

Based on the study &b roadway treatment families, the following conclusibage been drawn

1 In North Carolina,AC Construction/Reconstruction, Chip Seal, Mill + Resurfaaed
Resurfaceare the most commonly appliedeatments for ASP pavementand JCP
Construction/ ReconstructionJCP Minor Rehalfitation, andUnbonded Concrete Overlay
(UBC)for JCP pavements

1 PosttreatmentASPper f or mance curvesod interceptrs are
average valueare 92.8, 90.0, 87.8, and 84.6 A€ Construction/Reconstruction, Resurface,
Mill + Resurface and Chip Seal respectively. This means that anAC
Construction/Reconstructiotreatment can typicallpringa r oadway secti onos
back to 92.8, while #CR value of 84.6 iChip Seal a less intensive treatmenm, applied
instead The intercept oMill + Resurfaceshould be higher thaResurfacdecause it is a more
intensive treatment; this needs to be further studied.

1 In descending ordeaveragepeformancejumps of ASP treatmentsare 28.7, 28.3, 27.9, and
26.0 for AC Construction/Reconstruction, Resurface, Mill + Resurfaared Chip Seal
respectively.This means that aAC Construction/Reconstructioineatment can typically
i mprove a roadway sectionb6és PCR value by 28.
the order oResurfaceandMill + Resurfaceshould baeversedwhich needs a further study.

1 Results of CosBenefit Analysis (CBA) indicate that among 4 ASP treatme’s,
Construction / Reconstructiohas the largest benefit, followed hMill+Resurface and
Resurfaceg and Chip Sealhas the smallest benefit. This order is the same as the one for
performance jumps described previoushganingthat the more intensive a treatment is, then
the higher the performance jump will be and the larger the treatment benefit obtained.

1 To obtain the highest treatment benefit, biest timingto applying ASP tratments arefor
Chip SealwhenPre_PCR value is 53.98; fdMill+Resurface whenthe Pre_PCR value is
5049 Currently in NCDOT6s Needs Anal ysi s, once
60, it is eligible to be treatedBased on the findings on tHeest timing it seems that if
Mill+Resurfaceor Chip Seahas been selectedeferring treatindNC pavementdy one year
might ease budget constraiaisd still have a slight benefit gain. It should be noted, however,
that roadways that are not treatediome can cause safety issues, affect public perception and
the overall network performance. Therefore, it is essential that engineers need to carefully
evaluate pros and cons associated with each option before making the final maintenance
decision.
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1 Exceptfor Chip Seal all other ASP treatment curves follow the same deterioration trend:
parallel and then rejoin the original performance curf/es.Chip Seal the treatment curve
quickly rejoins the original curve and then stays below it. This meanEthatSealcurve
quickly underperforms the original curve.

21



CHAPTER 5 RECOMMENDATIONS

Based on the findings of this study, recommendatifmnsavenues offurther research are
highlighted below

1 It is recommended to combinklill + Resurface and Resurfacedata and study their
performance in a future studylill + Resurfaceis a more intensive treatment thRasurface
its performance, according to the results of this study, however, was wordeethanfiacelt
is possible that the decision of mgiMill + Resurfacewas made not based on distres
severities, but for maintainirgeometric and operational feature€wofb and gutteMherefore,
data of these two treatments probably should be combined and studied again.

1 It is recommended to usbe average Pre PCR values determined in this study to define
pretreatment conditiondor future performance modelsPretreatment condition can
significantly impacipavemenperformanceOne way to include pretreatmesunditionin the
performance evaluation@eess is tincludeit as a grouping factor when develop performance
models. For example, thgS 0-5k family can be divided intiwo subfamilies based on
Good/Poor pretreatment conditiodS 0-5k /Goodand US 0-5k /Poor, andthesefamily
models can béeveloped to more accurately predict pavement performémdteis process,
theaverage Pre_PCR values determined in this stadype used as thresholds to define Good
and Poor conditions.

1 Itis recommended that the influenceotiierfactors associatedith treatments be considered.
This study focused on the dominant types of treatments apahdfijture studies may focus
on the materials used in these treatments, the thicknesses of overlays, and the effects of
combinationf potential factors
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CHAPTER 6 IMPLEMENTATION AND TECHNOLOGY TRANSFER PLAN
The outcomes of this study will be disseminated through the following venues:

1 Providing project deliverables. Project deliverables, in both hard copy and digital format, as
describedcimatdée RAnear ch Productso section
NCDOT.

1 Generating research publications. Research findings will be published in peer reviewed
journals, such as Transportation Research Record (TRR) and ASCE journals.

1 Presentingat national/international professional conferences, for example, TRB annual
conference and ASCE conferences.

1 Transferring the technology to NCDOT. Short course or demonstrations can be provided to
NCDOT personnel regarding approaches of developing modiedsing trigger points, and
calculating weight factors.

1 Integrating research findings into engineering courses at UNC Charlotte. In the past three
years, the Pl has integrated the methodologies and findings of previous NCDOT studies into a
senior levé undergraduate course entitled AHiI gh\
integration resulted in increased interest in working in the transportation industry, and
increased participation in transportation related research among undergraduate students. The
Pl will continue this holistic approach in this study.
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Appendix A7 Post Treatment Performance Model Curves
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Constraint Column
Benefit

Benefit

Benefit

Benefit

Benefit

NCDOT Rating Number
NCDOT Rating Number
NCDOT Rating Number
NCDOT Rating Number
NCDOT Rating Number
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost
Treatment Cost

Constr. Type
Weighted Awg
Weighted Avg
Weighted Avg
Weighted Avg
Weighted Avg
Percent Above Threshold
Percent Above Threshold
Percent Above Threshold
Percent Above Threshold
Percent Above Threshold
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total

Scenario Year Number Resulting Value Cond. Threshold Total Constraint Weight Constraint Subdivision

1

2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5

719.48
667.04
597.99
572.39
545.05

.98

1

.98

.97

.98
748580030.
4898599.
550462.
51018269.
32231634.
15935706.
175721918.
7573341.
19971881.
15564247.

17891703.

9072699.
11205924.
14054792.

152966075.
113395920.
64032653.
132887610.
138981070.
25734627.
88568870.

931964820.
251553188.
2864374.
13700998.
25266150.
1689818514.
219219731.
3559869.
378834474.
372904063.

17891703.

9072699.
11205924.
14054792.

79

80.00
80.00
80.00
80.00
80.00

186717.27
186717.27
186717.27
186717.27
186717.27
186717.27
186717.27
186717.27
186717.27
186717.27
39518.96 Chip Seal
338.99 Chip Seal
42.25 Chip Seal
3414.24 Chip Seal
2364.86 Chip Seal
146.71 Interstate Maintenance
1118.17 Interstate Maintenance
53.50 Interstate Maintenance
133.81 Interstate Maintenance
86.75 Interstate Maintenance
0.00 Interstate Preservation
413.00 Interstate Preservation
206.09 Interstate Preservation
255.48 Interstate Presernvation
332.74 Interstate Preservation
0.00 Maintenance
0.00 Maintenance
0.00 Maintenance
0.00 Maintenance
0.00 Maintenance
22237.68 Other Preservation
12988.40 Other Preservation
12807.83 Other Preservation
16152.04 Other Preservation
23208.63 Other Preservation
119.25 Reconstruction
251.91 Reconstruction
0.00 Reconstruction
0.00 Reconstruction
0.00 Reconstruction
8722.56 Rehabilitation
1510.17 Rehabilitation
16.85 Rehabilitation
106.42 Rehabilitation
206.70 Rehabilitation
35047.92 Resurfacing
3477.75 Resurfacing
61.64 Resurfacing
7969.74 Resurfacing
7663.54 Resurfacing
0.00 Interstates - Chip Seal
413.00 Interstates - Chip Seal
206.09 Interstates - Chip Seal
255.48 Interstates - Chip Seal
332.74 Interstates - Chip Seal
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Measure Names
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Measure Names
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Il PCR Windshield
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