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ABSTRACT

This study galuatel the field performance of asphalt pavements whttee differenslurry seal
applications scenario$l) without slurry seal applicatiorf2) singleslurry sealapplication and

(3) two sequential slurry seal applicationshe study aimeet developng performance models

for asphalt pavementsr the three casest variows times following construction, andedtified

the optimum time forboth single and two sequentialurry sealsapplication on asphalt
pavemerd within the Washoe County, Nevada region. This was achieved by evaluating the
long-term pavement performance data collected using the MicroPAVERnsyst the last 15
years and the cosfffectiveness of slurry seals applied to new and existing flexible pavements at
years 0, 1, 3, 5, 7 and 9 after constructidrne data generated in this study clearly reveals an
optimum time window for slurry seal algations. For the case of single slurry seal application
the optimum time of application depended on the type of the construction activity. For newly
constructed pavements, the optimum time to apply single slurry seal was three years after
constructionrwhen the pavement condition index (PCI) reaches B8 pavements subjected to
overlays, the optimum time was between three and five years after construdtion
corresponds to a PCI of 860n the other hand,of the case of two sequential slurry seal
applications, e optimum times and highest relative benefit of application for both aVerta

newly construceéd pavements was when the first slurry seal was applied at year three after
construction followed by a second slurry seal at year seven er nitcordingly, it was
recommended to apply the first slurry seal whenR@#is 87 followed by a second slurry seal
when the PCfor the newly constructed and overlaid pavemeathes a value of 86 and, 77
respectively

1. INTRODUCTION

In light of shrnking agency budgets, pressure is being placed on agencies to become more cost
effective in their delivery of services to the public. Unfortunately, transportation infrastructure,
by nature, begins to deteriorate as soon as it is placed. Roadway prezemi@ntenance
provides users with safer and more comfortable rides and has been shown to reduce overall
transportation costs when maintenance treatments are properly selected and timed. As such,
infrastructure agencies have expressed an increasingsnti@ the selection and timing of
maintenance activities for their existing transportation infrastructure.

The longterm performance of an existing roadway is highly dependent on the conditions
of an existing roadway, traffic, pavement material propgrtenvironmental conditions and
maintenance history. Depending on the roadway deterioration experienced and other factors,
agencies select an appropriate maintenance treatment to slow and retard further roadway
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deterioration. The opportunity for agenctessave money occurs when they know the optimal
time in which a roadway would most benefit from a preventative maintenance treatment.
Agencies can then start to look forward for opportunities to apply maintenance treatments before
more costly rehabilitédn treatments are required to maintain user satisfaction.

Even though the selection of appropriate maintenance treatments is critical for a long
lasting pavement, this study focuses on the determination of the optimal time for application of a
proven maitenance treatment: the slurry seal slurry seal is amixture of slow setting
emulsified asphalt, well graded fine aggregate, mineral filler, and water. It is used to fill cracks
and seal areas of old pavements, to restore a uniform surface textsesl tihe surface to
prevent moisture and air intrusion into the pavement, and to improve skid resigtance

This report summarizes the findings of a study conducted by the Pavements/Materials
Program at the University of Nevada, Reno (UNR) for the Wastegional Transportation
Commission (RTC) to evaluate the field performancsinfle and two sequentiapplications
of slurry seals on asphalt pavements.

2. OBJECTIVE

The overall objectives of this study are (1) tealeate the field performance of pdealt
pavements witlsingle and sequentialurry seal applicationg2) to cevelop performance models
for asphalt pavements without slurry sealgth single application, and sequential applicatdn
slurry seals at variautimes following constructiorand (3) to dentify the optimum time for the
different cases oépplication of slurry seals on asphalt paversemithin the RTC region. The
last objective was achieved by evaluating the {tmrgh pavement performance and the cost
effectiveness of slurryesls applied to new and existing flexible pavements within the Washoe
county, Nevada region with respect to the time of slurry seal application.

3. BACKGROUND

Pavement performance is defined as the serviceability trend of the pavement over a design
period, where serviceability indicates the ability of the pavement to serve the demand of the
traffic in the existing conditiori2). A pavement performance model is defined as an equation
that relates a pavement performance index, such as the pavement seityideddX, with time
and can be used to predict the future pavement condition of the pavement based on the current
pavement condition data. In this regardve@ment performance models are criticalthe
pavement managemeptocess as the scheduling of amtenance and rehabilitation (M&R)
activities is based on the presgmtvement serviceabilitgonditions measured in the field and
futurepavement serviceonditions predicted with pavement performance mo@@ls

In 2004, Heinand Wattindicated that onenethod municipalities have been using to
prioritize and justifytransportation infrastructurexpenditures is regular road surface condition
ratings that are summarized using an index value such as, pavement condition indéx)(PCI)
By utilizing road sirface ratings in conjunction with construction and maintenance histories,
pavement condition predioh models can be developed which are imperative for the
development of @omplete pavement management system. In 1994, Shahin presented different
aspectsof pavement condition prediction modelingnghasizingthe focus onsound, cost
effective management rather thite identification oemergency repair®).
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Research by Rohde et al. used the World Bahkghway Desig and Maintenance
Model, (HDM-1V) to calibrate the performance models for slurry seals using field data from
specific test sections &auteng, South Africand LTTP data. HDM-IV uses the following
distresses to calibrate its condition index: crack initiation, crack progression, raistloimjt
pothole progression, rut progression, rut standard deviation progression and riding quality. The
HDM-4 condition index is a composite index calculatedrfrthe HDM prediction models for
cracking, rut depth, potholes and roughnesSnfortunately,the research focused only in
calibrating the slurry seal performance models and did not include conclusions regarding the
field performance of slurry sedls, 7).

In 2010, Liu et al determined thecosteffectiveness of ultrathin bondedtiuminous
surfa@ and modified slurry seals. The research used information from the Pavement
Managementnformation System (PMIS) from the Kansas Department of Transportafidre
performance was assessed using the followingredisés; aughness, rutting, fatigue, and
transverse cracking. The research conclutietl a modified slurry sé@ncreases the service life
of a Kansas State highway by 4.7 ye@)s

The performancgpavement modeling for this study is utilized for the identification of the
effectiveness of a giry seal application to a flexible pavement with respect to time within the
Washoe countyegion. To document pavement performandee ¥Washoe County Engineering
Department(WCED) uses the MicroPAVERavement management software systéu is
supported,maintained, and periodically updated by t@enstruction Engineering Research
Laboratories (CERLYf theUS Army Engineer Research and Devehgmt Cente(9).

The MicroPAVER system works in conjunction with tA& TM D6433(10) inspection
standard to detmine and monitor the pavement condition index (PCI) of a given roadway
section The PCI rating of a roadway is based on the observed surface distresses. The PCI rating
is not a direct measure of structural capacity, skid resistance or road rouglomesgrhit is an
objective tool for assessing the M&R needs of roadway section with respect to an entire
pavement system.

The environmental conditions of thWashoe countyegion can be characterized as a
high desert, which generally indicates relatively lannual precipitation rates, generally around
10 inches, but nearly all locations in the county below 20 inches, except for the mountainous
regions surrounding Lake Tahdél). Being a high desert, the area is subjected to relatively
high summer tempetares, periodically over 108, and generally mild winters, usually not
below OF. However, the region is subjected to significant daily temperature fluctuations
varying by 30 to 40F, but may exceed 4B, between consetive day and night temperatures
throughout the yeail?2).

4. SINGLE APPLICATION OF SLURRY SEAL

4.1 Evaluated Pavement Sections

In order to achieve the objectives of this study, asphalt pavement sections were identified within
the jurisdictions of: Washoe County, City of Reno, and Citypdrs. The evaluation covered
pavements that were newly constructed and pavements that received ovaslplyalt mixtures

were generally dense graded HMA with a 0.50 or 0.75 inciminal maximum aggregate size

with AC-20, AR4000 or PG6422 unmodifiedagphalt binders. Slurry seals were designed in
accordance with guidelines contained in International Slurry Surfacing Association (ISSA)
Publication A10513). In general, mulsion asphalts consisted of latex modified cationic quick
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set with a minimum of 3Joercent latex rubber by weight of the binder following agencies
requirementsThe maj ority of the roadways wunder the
arterials, collectors, and residential streetsThe Washoe countyregional functional
classiicationsfor the various roads categori@® defineds follows

1 Arterial:

- Approximateaveragedaily traffic (ADT) of 10,000 and above.

- Principal arterial roads that serve major centers of activity of urbanized areas and
in rural areas function primdyito provide service to through travel, such as on
rural highways Minor Arterials roads interconnect with and augment principal
arterials.

- Roads which do not penetrate identifiable neighborhoods and provide connection
to urban and rural collector roads.

1 Collector:

- ApproximateADT less than 10,000.

- Roads that provide both land access service and traffic circulation within
residential neighborhoods and commercial areas.

- Roads that collect traffic from residential streets and channels traffic intahrteri
roads.

1 Residential:
- ApproximateADT less than 6,000 with a high percentage of truckg4)
- Lower volume roads that provide direct access to commercial and industrial lands.

A total of 2700 pavement sections were evaluated in this study. Residéetds are by
far the highest number of pavement sections that were included in the study due to the high
availability of such pavements within the urban area. The pavement sections were broken into
the following three categories:
1 Do-Nothing: a slurryseal was not applied to the pavement
1 Slurry seal applied immediately after construction
1 Slurry seal applied at: 1, 3, 5, 7, and 9 years after construction

Only pavement sections that were slurry sealed once during their intended performance
life were included in this study. The analysis of pavement sections that received multiple
applications of slurry seals was outside the scope of this study. The majority of the evaluated
slurry sealed pavement sections received the surface treatment between Jueptamdbes
which is the construction season in northern Nevada.

The performance of the various pavement sections were measured in terms of the PCI
that the agencies collect using the MicroPAVER system. All three local agencies use the same
pavement evaluen procedures and score their pavements on the same cycle (i.e. every other
year). A joint refresher meeting is held every year to ensure that all pavement survey teams are
conducting similar survey results. Additionally, a portion of the network riggieally cross
scored by an independent rating source to make sure that ratings between each agency are
comparable (4).

MicroPAVER divides the road network into sections based on uniform properties of the
pavement and traffic conditions. Each pavenssdtion is further divided into units and the
units to be surveyed within a given section are identified randomly. The average PCI value of
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the surveyed units within each section is used to represent the condition of the entire section for
the specific swvey date.

4.2 Performance Models

The PCI data collected by the owner agencies were used to develop the performance prediction
models for the various pavement categories as showalites 1 and.2 The number of sections
reported inTables1 and 2repregnt the number of sections identified by the MicroPAVER
system. This indicates that multiple sections may have been located on the same roal. The R
value indicates the goodness of the fit between the model and the actual datd.vaneRof

1.00 indi@tes a perfect fit between the model and the data and ealiR of 0.00 indicates an
extremely poor fit.

The data indicate that all models have a very good fit with the observed data. When
comparing multiple models for the same data set, the relgtiadity of the models can be
assessed by looking at the sum of squared residuals divided by the number of sections (SSR/N)
and the mean squared error (MSE). The lower the SSR/N and MSE, the higher the quality of the
model. For this study, the best motial each category was determined to be the model with the
lowest SSR/N and MSE.

Figure 1shows the performance models for pavements that have not received slurry seals
in both the new construction and overlay categories. The performance data showmtdiffere
shapes of the performance models for the various categories of pavements. In general,
pavements in the new construction category tend to perform two to three years longer than
pavements in the overlay category, except for residential streets whidetdstiow significant
difference in the performance of the two categories. In general, regardless of the pavement type,
fatigue and block cracking were the two major types of distrabsesvere observed on the
evaluated pavement sections before the egiptin of slurry seal7 or more years after
construction
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Effectiveness of Slurry Seals

Table 1 Do-Nothing and Slurry Seal Performance Prediction Models and Statistics for New Construction

Year of Total Sum of Mean
Classication | Siurry Seal Equation rge| R " ons | Residual | Enror | SSRI
Application (N) (SSR) (MSE)
Do-Nothing Performance Prediction Models
Arterial - PCI =-0.0058Ag€' + 0.186R7\g€ - 1.7141Ag€ - 0.647Age+ 99.752 20 | 0.978 36 402.9 100.7 11.2
Collector - PCl = 0.00Ag€' - 0.03R2Ag€E + 0.271RAg€ - 4.483Age+ 100.77 20 | 0.979 33 2,45.3 245.3 7.4
Residential -- PCI =-0.0026Ag€e' + 0.089Age - 0.983Age - 0.8446Age+ 99.24 20| 0911 525 43,8729 | 528.6 83.6
Slurry Seal Performance Prediction Models
0 PCl =-0.01Ag¢€' + 0.2956Age® - 2.6491Ag¢€ + 2.318Age+ 99.864 20 | 0.984 5 511.9 255.9 102.4
1 PCI =-0.006Age + 0.20530\g€ - 1.975Rge + 0.522Rge+ 101.04 | 2 1 | 0.993 6 262.4 131.2 43.7
Arterial 3 PCl = 0.0062Ag€' - 0.26Ag€ + 3.9034Age - 27.76RAge+ 154.81 23 | 0.902 9 1509 150.9 16.8
5 PCl =-0.0291Ag€ + 1.152Ag€ - 16.164Ag€ + 89.13@Rge- 82.919 25 | 0.942 4 1,249.1 | 1249.1 | 312.3
7 PCl =-0.026 Age + 1.181Rg€ - 18.51Age€ + 114.50ge- 148.19 27 | 0.910 8 1,478.3 | 1478.3 | 184.8
9 PCl =-0.011RAg€' + 0.652RAge - 13.036Ag€ + 105.1Age 204.78 29 | 0931 9 1,115.4 | 11154 | 1239
0 PCI =-0.0001Ag€' + 0.011Ag€ - 0.2608Ag€ - 2.281Age+ 1000 20 | 0.979 5 1,391.6 | 2319 | 2783
1 PCl =-0.003RAge + 0.1344Ag€ - 1.533Ag€ + 2.052Age+ 98.616 21 | 0.980 6 907.5 453.7 | 151.2
Collector 3 PCl =-0.008Age + 0.3024Ag€ - 3.567Age€ + 11.332Age+ 90.658 23 | 0.969 9 1,066.3 | 533.1 | 1185
5 PCl =-0.0084Ag€ + 0.364RAg€ - 5.503Age + 27.831Age+ 58078 25 | 0.971 9 1,065.2 | 532.6 | 118.4
7 PCl =-0.019%Ag€ + 0.87Ag€ - 14.30Ag€ + 93.74Rge- 123.33 27 | 0.897 7 2,616.7 | 2616.7 | 373.8
9 PCl =-0.039Ag€e + 2.031AgE - 37.84Age + 296.5RAge- 738.93 29 | 0.888 6 1,963.9 | 1963.9 | 327.3
0 PCl =-0.0023Ag€' + 0.080RgE - 0.8721Ag€ - 1.471Age+ 99.924 20 | 0.977 85 3,933.6 87.4 46.3
1 PCl = 0.004Ag€ - 0.12Ag€ + 0.950g€ - 6.0974Age+ 10524 21 | 0.983 103 5,264.4 181.5 51.1
Residential 3 PCl = 0.0028\g€¢' - 0.12Ag€e + 1.578Age - 10.1x + 119.2 23| 0.988 105 3,322.0 75.5 31.6
5 PCl = 0.006%g¢' - 0.083\g€ - 0.5740g€ + 1.7814ge+ 111.34 25| 0977 139 5,911.9 | 1182.4 42.5
7 PCl =-0.038Ag¢€' + 1.6358g€ - 25.47Ag€ + 162.6@\ge- 276.58 27 | 0.952 123 13,5715 | 1233.8| 110.3
9 PCl =-0.115Ag€ + 5.7882Ag€ - 107.3R0g€ + 867.7Age- 2493.6 29 | 0.825 48 9,158.3 | 286.2 | 190.8
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Table 2 Do-Nothing and Slurry Seal Performance Prediction Models and Statistics for Overlay

Year of Total Sum of Mean
Classication | Siurry Seal Equation Age| R | ione | Residual | Enor | SSRI
Application (N) (SSR) (MSE)
Do-Nothing Performance Prediction Models
Arterial - PCI =-0.0185Ag€' + 0.5036\g€ - 4.06957g€ + 3.679\ge+ 98.809 | 20 | 0.973 34 457.4 457 .4 13.5
Collector - PCI =-0.0004Ag€' + 0.009Rge - 0.223Ag¢€ - 3.780Age+ 99.192 20 | 0.959 226 1.882.6 | 1,882.6| 8.3
Residential - PCI =-0.0048\g€' + 0.117Ag€ - 0.907A g€ - 1.9824Age+ 98.666 20 | 0.907 1,848 49,069.7 | 9,813.9| 26.6

Slurry Seal Performance Prediction Models

0 PCl =-0.0181Ag€ + 0.4951Ag€ - 4.004gé + 3.556Age+ 99.899 | 2 0 | 0.986 7 786.8 | 393.4 | 1124
1 PCI =-0.0128\g€' + 0.3481AgE - 2.726Age - 0.4666Age+ 102.81 | 2 1 | 0.981 9 907.9 | 454.0 | 100.9
Arterial 3 PCI =-0.0162Ag€ + 0.5902\g€ - 7.730Ag€ + 35.77Rge+ 46.482 | 2 3 | 0.977 8 1,328.0 | 332.0 | 166.0
5 PCI =-0.0594g¢ + 2.389Ag6 - 33.321Ag€ + 194.5Age- 295.9 25 | 0.984 9 547.6 | 547.6 | 60.8
7 PCI =-0.0348\g€ + 1.4056\g€ - 20.53Nge + 120.7Hge- 153.72 | 2 7 | 0.939 6 948.6 | 9486 | 158.1
9 PCI = 0.0358g€ - 1.4926Ag6 + 22.796\g€ - 159.65Age+ 526.72 | 29 | 0.925 8 1,291.6 | 1291.6 | 1615
0 PCI =-0.000Ag€ + 0.038AgE - 0.577Rge - 2.651Hge+ 99.98 20 | 0.979 10 2,051.8 | 4104 | 13.2
1 PCI =-0.000Ag€' + 0.037Rge - 0.577Age - 3.187%ge+ 103.21 | 2 1 | 0.982 12 1,2135 | 606.8 | 10.6
Collector 3 PCI =-0.0024g€ + 0.138Age’ - 2.483 g€ + 9.17Age+ 91239 23 | 0.980 15 1,463.2 | 7316 | 12.6
5 PCI = 0.004Agé - 0.217RgE + 4.024Rgé - 40.36Age+ 225.73 25 | 0973 19 1,185.7 | 592.9 | 15.6
7 PCI =-0.0481Ag€ + 2.066B\gE - 33.252Ag€ + 228.1Age- 482.91 27 | 0.958 12 1,159.0 | 579.5 | 18.7
9 PCI = 0.053Ag€ - 2.9244Agé€ + 58.05Ag€ - 509.1Rge+ 1736.2 | 29 | 0.927 13 1,056.6 | 528.3 | 24.0
0 PCI =-0.0041Ag€' + 0.1056\g€ - 0.8448\ge? - 2.270Age+ 99.849 | 20 | 0.973 236 1,973.1 | 1,973.1| 8.4
1 PCl =-0.004Agé€ + 0.115Rge - 0.7594Ag€ - 3.647Rge+ 104.28 | 2 1 | 0.965 242 2,784.0 | 2,784.0| 115
Residential 3 PCI =-0.0194gé + 0.633\g6 - 7.2921Ag€ + 28.8Age+ 63.294 | 23 | 0.958 291 2,307.6 | 329.7 | 7.9
5 PCI =-0.0076Ag€ + 0.2747AgE - 3.41Agé + 9.8706\ge+ 106.29 25 | 0.936 295 6,130.1 | 1,226.0| 20.8
7 PCI =-0.0052g¢€ + 0.076Age + 1.2761Ag& - 33.311Age+ 241.73 | 27 | 0.934 159 2,455.0 | 2,455.0| 15.4
9 PCI =-0.4638Ag€ + 21.490AgE - 369.69Age + 2787.Agei 7682.4 | 2 9 | 0.986 7 786.8 | 3934 | 1124
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Figure 1 Do-nothing performance models for (a) new construction on artéals, (b) overlay
on arterials, (c) new construction on collectors, (d) overlay on collectors, (e) new
construction on residential, and (f) overlay on residential streets.
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Figures2 1 7 superimpose the performance models for pavements without slurry seals
and pavements that received slurry seals at 0, 1, 3, 5, 7 and 9 years after construction for both the
new construction and overlay categories and for all three classes of roads. Additiogatky3
shows the increase in the initial PCI value at theetbf slurry seal application. The following
general trends can be observed from the presented data:

1 The application of the slurry seal at years 0 and 1 did not show a significant change in the
shape of the performance curve neither in the initial PQieval

1 The application of the slurry seal at years 3 and 5 show significant jumps in the PCI value
at the time of application and in the shape of the performance curve for future years. On
average, the initial PCI value increased by 12 points when sluidrwasapplied 3 years
after construction. On the other hand, an increase in the initial PCI value between 11 and
24 points was observed for the newly constructed pavements when slurry seal was
applied 5 years after construction. The increase in PCI vagemore significant for the
residential roads, followed by the collector and arterial roads. In the case of overlay
asphalt pavements, the increase in initial PCI value when slurry seal was applied 5 years
after construction, ranged between 22 and 3ihtpowith the highest increase being
observed on arterial roads.

1 The application of the slurry seal at years 7 and 9 show significant jumps in the PCI value
at the time of application coupled with a steeper decay in the performance curve for
future years.An increase in the initial PCI value between 11 and 30 points was observed
for the newly constructed pavements when slurry seal was applied 7 or 9 years after
construction. On the hand, an increase in the initial PCI value between 14 and 34 points
was olserved for the overlay asphalt pavements when slurry seal was applied 7 or 9 years
after construction. For both, the new construction and overlay categories the highest
increase in initial PCl was observed on arterial roads.

From the performance maddein Figures 2i 7, the slurry seal performance lives and
extensions in pavement service life can be determined for the various slurry seal applications.
The slurry seal performance life is defined as the number of years for the slurry seal performance
curve to reach the PCI of the existing pavement before treatment application. In other words, the
slurry seal performance life is the number of years for the treated pavement section that provides
a higher user satisfaction before it returns to the semhiidgacondition before treatment.
Whereas, the extension in pavement service life is the number of additional years the pavement
will have at the end of its service life (i.e. PCl = 40) due to the application of the slurry seal. In
other words, the extsion in pavement service life is the number of years a pavement
reconstruction is delayed. For example, it took 2.0 years faltingy sealsapplied on year 3 of
service to the newly constructaderialsto deteriorate from a PCI of 100 right aftezatment to
the pretreatment PCI of 87 (sdegure 2(c). For the same example, the treatment extended the
pavement service life and delayed the time until a PCI of 40 was reached by 2.0 years (see
Figure Zc)). On the other hand, it took 3.0 years fugslurry sealsapplied on year 7 of service
to the newly constructearterialsto deteriorate from a PCI of 87 right after treatment to the pre
treatment PCI of 62 (seégure 2€)). However, for the same example, the treatment did not
extend the pavemeservice life as both performance curves reached the PCI of 40 after 14.5

years (se€igure 2¢)).
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Figure 2 New construction, arterials: denothing and slurry seal performance models at (a)
year 0 (b) year 1 (c) year 3 (d) year 5 (e) year 7 and (f) year 9.
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Figure 3 New construction, collectors: denothing and slurry seal performane models at
(a) year 0 (b) year 1 (c) year 3 (d) year 5 (e) year 7 and (f) year 9.
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Figure 4 New construction, residential: denothing and slurry seal performance models at
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Figure 5 Overlay, arterials: do-nothing and slurry seal performance models at (a) year 0
(b) year 1 (c) year 3 (d) year 5 (e) year 7 and (f) year 9.

|

WESTERN REGIONAL

SUPERPAVE CENTER

Pagel3



M. Souliman, E. Hajj, P. Sebaaly Effectiveness of Slurry Seals

100 == 100 =
N N

20 \ 20 \&

60 \ 60 \\

-
/

40 AN - 40 S
LY \\
~ -
b 3
20 20 =
0 0
¢ 2 4 6 8 10 12 14 16 18 20 ¢ 2 4 6 8 10 12 14 16 18 20
AgeinYears AgeinYears
Overlay - = = = Slurry Seal atyear 0 Overlay - — = = Slurry Seal atyear1
(a) (b)
100 . 100
~ Y

L. LY
80 \\\\\\ 80 \‘\:\\\
Yy A
60 ANE 60 AN %
A
.

PCI

A &
40 \\ 40 Ny
\\ \\
~ AN
20 20
0 0
¢ 2 4 6 8 10 12 14 16 18 20 ¢ 2 4 6 8 10 12 14 16 18 20
AgeinYears AgeinYears
Overlay - = = = Slurry Seal atyear 3 Overlay - — = = Slurry Seal atyear s

(c) (d)

100 100

80 \ 80 \

PCI
PCI
/’

A Y
40 A 40 AN
. *
\\ \
20 A 20
0 0
0o 2 4 6 8 10 12 14 16 18 20 0o 2 4 6 8 10 12 14 16 18 20
AgeinYears AgeinYears
Overlay - — = = Slurry Seal atyear 7 Overlay - — = = Slurry Seal atyear 9

(e) ®
Figure 6 Overlay, collectors: denothing and slurry seal performance models at (a) year 0
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Figure 7 Overlay, residential: donothing and slurry seal performance models at (a) year 0
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Figure 8 Increase in Initial PCI Value for (a) newly constructed pavements and (b) overlay
asphalt pavementdue to a single slurry seal appliction

Typically, the slurry seal performance life ranged from 2.0 @ ykars, except when
applied in year 0 and 1. When the slurry seal was applied at year 0 and 1, the slurry seal
performance life ranged from 0.0 to 1.0 years. Additionally,pireement service life was not
extendedby application of the slurry seal extap a few cases. The service life was extended
by: (a) 2.0 years for newly constructed arterials with slurry seal at year 3, (b) by 0.5 to 1.5 years
for overlaid collectors with slurry seal at years 5, 7 and 9, (c) by 0.5 to 1.0 year for overlaid
residenial streets with slurry seal at years 1 and 3, and (d) by 1.0 and 0.5 year for overlaid
residential streets with slurry seal at years 5 and 9, respectively.

It should be noted that the aforementioned performance lives and extensions in pavement
service Ife are for single applications of slurry seal. For multiple applications of slurry, the
behavior, especially the extensions in pavement service life, is expected to be d{feent
section 5.2)
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4.3 Benefit Cost Analysis

The next step of the analyst®nsisted of calculating the pavement performance benefit of
applying slurry seals at various years following construction activities. The slurry seal
performance benefit (B) is defined as the area between the performance curves of the pavement
without surry seal and the pavement with slurry seal up to the terminal PCI of 40 as shown in
Figure9. The PCI value of 40 is the threshold value used by the WCED for reconstruction. The
pavement performance benefit represents the increase in level of ser@ipavdment in terms
of safety and comfort to the public due to the application of the slurry seal as measured by PCI.
The relative benefit is defined as the ratio of the slurry seal performance benefit (B) over
the area under the performance curve ofpidneement without slurry seal (A) up to the terminal
PCI of 40 (i.e. B/A x100). The relative benefit differs from the pavement performance benefit in
that it scales the increase in pavement serviceability from a slurry seal application to be relative
to the pavement serviceability of the existing roadway. The relative benefit can thus be viewed
as the percent improvement in the serviceability of the pavement which is directly related to
userso6 satisfaction.

100
20 +
80
70
60
50 +
40
30
20
10 +
0

0 2 4 6 8 10 12 14 16 18

PCI

Years
Figure 9 Example of pavement performance benéf

In the example shown irfrigure 9, the application of the slurry seal on a newly
constructed arterial after three years of construction createdpamBjump in the PCI, a
noticeable upward shift in the performance curve leading to a benefit val6@,adind two years
extension in the pavement life at the terminal PCI of 40. Looking at this data in relative terms, it
can be concluded that applying the slurry seal three years after construction achieved the
following:

1 Brought the pavement up to asiginal serviceability (i.e. PCI = 100).
1 Created a noticeable improvement in the serviceability of the pavement, and therefore,

i mproved the wuser so6 sTallei3®rfnewtytcangiractedArteridl3 per

pavements).

1 Extended the service difof the pavement by 15 percent (i.e. from 14 to 16 years).
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Effectiveness of Slurry Seals

Table 3 Effectiveness oBSingle Slurry Seal for Newly Constructed and Overlay Asphalt

Pavements
, vear of Benefit, B Relative Cost, C Beneﬂt. Cost
Traffic Slurry Seal (Area) Benefit x 100| ($/Lane-mile) Ratio
Application (B/Cx1000)
Newly Constructed Pavements

0 32.8 9 11,070 3.0

1 19.2 5 11,402 1.8

Arterial 3 160.2 43 12,459 12.9
5 45.5 12 14,444 3.1

7 70.5 19 17,764 4.0

9 80.1 22 23,178 3.5

0 19.5 4 11,070 1.5

1 15.4 3 11,402 2.1

Collector 3 54.9 12 12,459 4.6
5 75.0 16 14,444 5.6

7 34.8 8 17,764 1.9

9 41.3 9 23,178 1.6

0 0.0 0 11,070 0.0

1 58.4 14 11,402 5.1

Residential 3 204.6 48 12,459 16.4
5 57.3 14 14,444 4.0

7 34.7 8 17,764 2.0

9 65.4 15 23178 2.8

Overlay Asphalt Pavements

0 26.7 8 11,070 2.4

1 1.8 1 11,402 0.2

Arterial 3 183.4 58 12,459 14.7
5 189.2 60 14,444 13.2

7 75.6 24 17,764 4.3

9 70.2 22 23,178 3.0

0 17.4 5 11,070 1.6

1 14.5 4 11,402 1.3

Collector 3 86.3 25 12,459 6.9
5 71.8 21 14,444 5.0

7 62.9 18 17,764 3.5

9 49.2 14 23,178 2.1

0 3.1 1 11,070 0.3

1 16.4 4 11,402 1.4

Residential 3 83.6 20 12,459 6.7
5 78.0 19 14,444 54

7 27.7 7 17,764 1.6

9 30.6 7 23,178 1.3
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The cost of the slurry seal (C) wasiesmted based on the cost figures of 2009 (i.e. 0 year
after construction) at $11,070/langle. A discount rate of three percent was determined based
on historical 15year records (1991 2005) for the region and was used to estimate the cost
figures forthe various years of slurry seal applications. For example, the cost of slurry seal
applied at year 3 after construction will be: $11,070(1 + 0.6%12,459/lanamile. In general,
the longer a slurry seal is postponed the higher the present costsbfity seal will become as
shown inTable3.

The benefit cost ratio is defined as the ratio of the benefit (B) divided by the cost (C) of
the application of the slurry seal. The benefit cost ratio was used to determine the relative cost
effectiveness othe slurry seal treatment with respect to various times of applicafiable 3
summarizes the benefit and cost figures for the application of slurry seals at various years after
construction for the new construction and overldyigure 10 shows the disibutions of the
benefit, relative benefit and benefit cost ratios of slurry seals as a function of the year of
application for the new construction and overlay.

For new construction, the highest benefit, relative benefit and benefit cost ratio from a
slurry seal application occur in year 3 for arterials and residential streets and in years 3 and 5 for
collectors as shown iRigure 10. For overlays, the highest benefit, relative benefit and benefit
cost ratio from a slurry seal application occur in yearand 5 for arterials, collectors and
residential streets as also showrrigure10. Based on the relative benefit and benefit cost ratio
observations, user satisfaction and agency cost effectiveness are maximized when slurry seals are
applied as follows

1 Year 3 for newly constructed arterials and newly constructed residential streets
1 Years 3 and 5 for newly constructed collectors
1 Years 3 and 5 for arterials, collectors and residential streets with overlays
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Figure 10 Effectiveness of slurry seal (a) benefit (b) relative benefit and (c) benefit cost

ratio.
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5. TWO SEQUENTIAL APPLICATION SOF SLURRY SEAL

5.1Evaluated Pavement Sections

All asphalt pavement sections identified for temquential slurry seal applicatiomgere also
within the jurisdictions of Washoe County, City of Reno and City of Spafisnilarly, the
evaluation covered two pavement types: newly constructed pavements and pavements that
received overlays.Only residential roads within the three jurigthaos experienced sequential
slurry seal applications. There were no projects found for arterial or collector roasls.
mentioned earlierhe Washoe county regional functional classification for residential roads is
defined as having an approximate ageralaily traffic (ADT) of less than 6,000 with a high
percentage of trucks (#%), and lower volume roads that provide direct access to commercial
and industrial landsA total of 2866 pavement sections were evaluated forstuely as shown in
Table 4. Pavement sections that only had one slurry seakived the treatment at the age of 0
year while pavement sections that had two sequential slurry seal received the first treatment at
the age of 01, 3, or 5 yearand the scond slurry seakceivedattheage of7 or 9 years

Similar to the abovementioned single slurry seal application studysgiela mixtures
used in the evaluated pavement sectwage generally dense graded HMA witd2.50r 19.0
mm nominal maximum aggregate size with &0, AR40000or PG6422 unmodified asphalt
binders.The performance of the various pavement sections alsoameasured in terms of the
PCI that the agencies colledusing the MicroPAVER system.

Table 4 Number of PavementSections I dentified for Sequential Slurry Seal Evaluation

Treatment Newly Constructed | overlaid pavement | Total number of
Pavement Sections sections Sections

Nothing 525 1,848 2,373

Single slurry seal 85 236 321

Two sequential slurry seal 82 90 172

5.2 Performance Models

The PCI data colleet by the owner agencies were used to develop the performance prediction
models. Figure 11 presers individual PCI measurementsr the denothing condition for both

new construction and overlay sectiosjuations la and 1¥howthe developed fourtdegee
polynomial family performance prediction model for ty@phs shown ifrigures 1a and 1b,
respectively Performance prediction models for the various sequential slurry seal conditions
were developed in a similar fashion.

060 Tt 8 TIOWE @+0.0891 6"  0.98330°(XE 0.84460°(A*99.24
Eq (1a)

000 T 8 T #0.1177 0°C3  0.907807C(x2  1.98240"(1*98.67
Eq (1b)

The denothing performance prediction model as well as the pedocea prediction
model for sections that only had one slurry seal applied at year 0 throughout their pavement life
were used to help determine the improvement in performance of the various sequential slurry

s
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application conditions. In order to forecast therfprmance prediction model after a first or
second slurry seal is applied, they need to be shifted to a preseag® @bint. Once this shift

is applied, it is assumed that the deterioration of all pavement sections in a family is similar and
is a functon of only their present condition, regardless of &je It must be noted that the
performance prediction models were not shifted farther than 1.2 years.

100 €
100 €
80
80
60
_ 60
(9] —
- (9]
o
40 a0
20 20
y =-0.0026x* +10.0891%7 - (.9833x2 - 0.8446x +99.24 ¥ =-0.0 w4 + 0.1177%3 - 0.9079x2 - 1.9824% + 98,666
R*=0,9105 04r R® = 0.9066
0 0 | -
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Agein Years Agein Years
New Construction -Residential Prediction Model > Overlay Residential —— Prediction Model
(a) (b)

Figure 11 Developed performance curves for the do nothing condition foa) new
construction and b) overlay sections.

Table5 presents all the various performance prediction models usdbef@tudy The
number of sections reported irable 5 represents the number of sections identified by the
MicroPAVER system. This indates that multiple sections may have been located on the same
road. The sections identification nomenclature was organized as follows: for examyile; OL
would indicate overlaid pavements that received the first slurry seal at year 0 and the second
slurry seal at year 7. Similarly, NG-7 would indicate newly constructed pavements that
received the first slurry seal at year 0 and the second slurry seal at year 7.

As indicated in the column indicating age rangd @ble 5, the performance models are
only valid over certain pavement age ranges. For example, the performance modelGt& OL
has two models; One of them can only be used to predict PCI values when pavement is less than
9 years old while the other ooan only be used when the pavement is&@yer older.

The R value indicates the coefficient of determination between the model and the actual
data. High R? value indicates a perfect fit between the model and the data.
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Table 5 Performance M odels for Newly-Constructed andOverlaid Pavements.

No of Year of
Sectio Treatment Age Range
ID ns Application (years) Performance Model R?
NC 525 Donothing [ 0 O OA gll PCI =-0.0026Ag€ + 0.0891Ag€ - 0.983Age - 0.8446\ge+ 99.24 0.911
NC-0! 85 0 0 O OAdl PCI=-0.002Rg¢ + 0.080RAge - 0.8721Age - 1.471A0ge+ 99.924 | 0.977
oL 1,848 | Donothing |0 O OAdl PCI=-0.004Rge + 0.117Age - 0.907RAge - 1.9824ge+ 98.666 0.907
OL-0? 236 0 0 O OAdl PCI=-0.0041Age + 0.1058\g€ - 0.844Rge - 2.270Age+ 99.849 | 0.973
NC-0-72 | 10 0 0 AgeO 7 PCl=-0.0248Age*+ 0.361%\ge?- 1.9867Age?- 0.5081Age+ 100.09 | 0.990
7 7 O OAdl PCI=-0.0401Age+ 1.822Age’- 30.014Age + 204.8Age- 402.3 0.991
NC-0-9 12 0 0 AgeO 9 PCI=-0.0145Age*+ 0.3004Age3- 2.0051Age?- 0.40%1Age+ 99.452 | 0.979
9 9 O OAdl PCl=-0.221%ge + 10.25ge- 176.8Age + 1335.Rge- 3637.3 0.980
NC-1-7 15 1 1 AgeO 7 PCI=0.0028ge¢ - 0.063Age’ + 0.347Age - 4.876Age+ 104.34 0.992
7 7 O OAdl PCI=-0.0214Ag¢e + 0.924Age - 14.652A0g€ + 95.982Age- 140.61 0.956
NC-1-9 12 1 1 AgeO 9 PCI=0.0168g¢ - 0.30620ge + 1.778Rge - 7.992Age+ 106.32 0.977
9 9 O OAdl PCI=-0.1279Agée! + 6.018Rge’ - 105.950ge + 819.1Rge- 2257.7 0.995
NC-3-7 15 3 3 ADeO 7 PCI=01597Age!- 3.1527ge + 22 5Age - 72.931Age+ 187.67 0.948
7 7 O OAdl PCIl=-0.0032Agé! + 0.135Age - 2.4789Age& + 17.54Age+ 56.59 0.983
NC-3-9 11 3 3 AgeO 9 PCI=-0.051Age+ 1.226@\ge’- 10.574Age + 36.1HAge+ 57.839 0.856
9 9 @QeOA 1 PCl=0.0224g¢ - 1.234Age + 24.57Age - 215.Age+ 799.08 0.993
NC-5-9 7 5 5 ADeO 9 PCI=0.3417Agée* - 9.408Age + 95.13RAge - 424.1A7ge+ 804.5 0.989
9 9 O OAdl PCI=-0.030Age! + 1.582\ge- 30.31Age + 249.1@\ge- 654.22 0.90
OL-0-74 15 0 0 ADeO 7 PCI=-0.0165Age!+ 0.294Rge - 1.7736Age? - 1.502Age+ 100.03 0.989
7 7 O OAdl PCI=-0.039%g¢ + 1.6286\ge® -24.51Age + 153.7Age 260.28 0.959
OL-0-9 17 0 0 A9eO 9 PCl=-0.024ge + 0.482Rge - 3.023Age + 1.463Age+ 98.752 | 0.976
9 9 O OAdl PCI=-0.085Ag¢ + 3.6414Age- 56.62Rge? + 371.1Age- 772.95 0.936
OL-1-7 13 1 1 AQeO 7 PCl=0.0025ge*- 0.063Age + 0.347Age - 4.876Age+ 104.34 0.992
7 7 O OAdl PCl=-0.0318\ge! +1.285Ag€ - 19.16RAge + 120.2Age- 187.49 0.951
OL-1-9 10 1 1 AgeO 9 PCI=-0.004Age!+ 0.131Ag€e - 1.1386Age*- 1.176Age+ 101.9 0.993
9 9 O OAdl PCI=-0.011Rge + 0.447Age- 5.5291Age + 14.53@Age+ 150.44 0.983
OL-3-7 17 3 3 A9eO 7 PCl=-0.062%ge + 1.37Age - 11.68Age + 38.87Rge+ 56.5 0.944
7 7 O OA ¢ PCI=0.0078g¢ - 0.4031Age + 7.364Rge - 59.80RAge+ 267.21 0.988
OL-3-9 12 3 3 AeO 9 PCI=-0.045Age+ 1.1416ge- 10.54Age + 37.20Age+ 55.974 0.990
9 9 O OA @ PCIl=-0.0005Age!- 0.023Age + 1.264\ge? - 21.49Age+ 193.06 0.988
OL-5-9 6 5 5 AeO 9 PCl=0.116Age - 2.925Age + 26.15@ge’ - 104.8Age+ 262.5 0.979
9 9 O OAdl PCI=-0.030\ge! + 1.582Rge - 30.31Ag€ + 249.14Age- 654.22 0.983

I Newly constructed pavement subjected to a single slurry seal at year 0.

2 Overlaid pavemergubjected to a singlgurry seal at year.0

3 Newly constructegpavemensubjectedo a firstslurry seakt year O followed by a second slurry seal at year 7.
4 Overlaid pavement subjectéml a firstslurry seaht year 0 followed by a second slurry seal at year 7.

Figure12 shows a typical performance curve for the do nothing condition, the first slurry
seal, and the second slurry seal superimposed on a PSlisvéme plot. The slurry seal
performance livegas well as thextensionst causesn pavement service life can be determined
for slurry seaht various times odipplications. Asnentionedobefore, the slurry seal performance
life is defined as the numbef years for the slurry seal performance curve to reach the PCI of
the existing pavement before treatment application. Whereas, the extension in pavement service
life is the number of additional years the pavement will have at the end of its seevice liPCI
= 40) due to the application of the slurry seal. For example, it took 4.3 years for the first slurry
seal applied on year 3 of service to the newly constructed residential road to deteriorate from a

PCI of 100 right after treatment to the fireatmen PCI of 8 8 Fidumep B2 | = 1z
Furthermore, it took 2.5 years for the second slurry seal applied on year 9 of service to
4
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deteriorate from a PCI of 93 right after treatment to thetpree at me n t PCI of 80
Therefore, the performance lifer the first slurry seal is 4.3 years, whereas the performance life

for the second slurry seal is 2.5 years. For the same example, the two treatments of slurry seal
extended the pavement service life and delayed the time until a PCI of 40 was reaclizd by 3
years (se€&igurel?).

100

TIEROE TR T
5 N b N\ardi=13— NC-3-9
= g * 43yrs\L_\‘
> T 2.5yrs \
'E <
—_ Y
c 60 B \
i} - \
= "
- [
5 40 ~ L x
(]
E ‘:’».‘2\;‘ S\
N
§ 20 »
% N
o N
0

0 2 4 5] g 10 12 14 16 18 20
Age (years)

Best Fit performance Curves for NC-3-9 Sections

— — — Predicted Performance

Figure 12 Performance curves for a newly constructed residential section for the do
nothing condition and slurry seals applied in year 3 and 9.

Figuresl3 to 20 presents all the various cases of sequential applicationroy skeals for
newly constructednd overlaidpavements. The performance model for pavements without slurry
seals (do nothing case) is superimposed with the performance models for the first slurry seal
application and the performance models for the secsluody seal application. From the
presentedigures, the following general trends can be observed:

1 The application of the first slurry seal at years 0 and 1 neither shows a significant change
in the shape of the performance curve nor in the initial PQlevébr both newly
constructednd overlaypavementsKiguresl3, 14, 17, andl18)

1 The application of the first slurry seal at years 3 and 5 sk@mificant jumps in the PCI
value at the time of application and in the shape of the performance curveui@ fut
years. In fact, the PCI value jumps back up to nearly(EQQires15, 16, 19, and20).

1 The shape of the performance curve of the second slurry seal as well as the magnitude in
the jump of the PCI values are greatly affected by time of applicatitmedirst slurry
seal. For botmewly constructecaind overlay pavements, the second slurry seal extends
the serviceability life of the pavements most when the first slurry seal is applied in year 3
or 5.
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Figure 13 New construction: donothing and slurry seal performance models at (a) year O

and year 7 and (b) year 0 and 9.
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(b)

Figure 14 New construction: do-nothing and slurry seal performance models at (a) year 1
and year 7 and (b) year 1 and 9.
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(a) (b)
Figure 15 New construction: donothing and slurry seal perbrmance models at (a) year 3
and year 7 and (b) year 3 and 9.
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Figure 16 New construction: do-nothing and slurry sealat year 5 and 9performance
models.
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Figure 17 Overlay: do-nothing and slurry seal performance models at (a) year 0 and year 7
and (b) year 0 and 9.
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Figure 18 Overlay: do-nothing and slurry seal performance models at (ayear 1 and year 7
and (b) year 1 and 9.
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() (b)

Figure 19 Overlay: do-nothing and slurry seal performance models at (a) year 3 and year 7
and (b) year 3 and 9.

Figure 20 Overlay: do-nothing and slurry seal performance models at year 5 and 9.

From the performance models figures13 to 2, the slurry seal performancdeliand
extension in pavement service life can be determiftedthe various cases Figure 21
summarzes the various performance lives and extensions for all pavement tipgse 21
shows clearly that the highest performance life for the first slurry seal is when it is applied in
years 3 and 5. This does not necessarily mean that this higher pederhfarfor the first
slurry seal carries over to the second slurry seal. In fact, the performance life of the second slurry
seal for NGO-9 is higher than both NG-9 and NG5-9. Regardless of this fact, the extension in
pavements fe was found to be # highest with the first slurry seal applied in years, 3 or 5 and
the second slurry seal in either year 7 or 9.
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