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ABSTRACT 

This study evaluated the field performance of asphalt pavements with three different slurry seal 

applications scenarios: (1) without slurry seal application; (2) single slurry seal application; and 

(3) two sequential slurry seal applications.  The study aimed at developing performance models 

for asphalt pavements for the three cases at various times following construction, and identified 

the optimum time for both single and two sequential slurry seals application on asphalt 

pavements within the Washoe County, Nevada region.  This was achieved by evaluating the 

long-term pavement performance data collected using the MicroPAVER system for the last 15 

years and the cost-effectiveness of slurry seals applied to new and existing flexible pavements at 

years 0, 1, 3, 5, 7 and 9 after construction.  The data generated in this study clearly reveals an 

optimum time window for slurry seal applications.  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 

construction when the pavement condition index (PCI) reaches 88.  For pavements subjected to 

overlays, the optimum time was between three and five years after construction which 

corresponds to a PCI of 86.  On the other hand, for the case of two sequential slurry seal 

applications, the optimum times and highest relative benefit of application for both overlaid and 

newly constructed pavements was when the first slurry seal was applied at year three after 

construction followed by a second slurry seal at year seven or nine.  Accordingly, it was 

recommended to apply the first slurry seal when the PCI is 87 followed by a second slurry seal 

when the PCI for the newly constructed and overlaid pavements reaches a value of 86 and 77, 

respectively. 

 

1. INTRODUCTION  

 

In light of shrinking 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 preventative maintenance 

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 increasing interest in the selection and timing of 

maintenance activities for their existing transportation infrastructure. 

The long-term performance of an existing roadway is highly dependent on the conditions 

of an existing roadway, traffic, pavement material properties, environmental 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 agencies to save 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 rehabilitation 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 maintenance treatment: the slurry seal.  A slurry seal is a mixture 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 texture, to seal the surface to 

prevent moisture and air intrusion into the pavement, and to improve skid resistance (1). 

This report summarizes the findings of a study conducted by the Pavements/Materials 

Program at the University of Nevada, Reno (UNR) for the Washoe Regional Transportation 

Commission (RTC) to evaluate the field performance of single and two sequential applications 

of slurry seals on asphalt pavements.    

  

2. OBJECTIVE  

 

The overall objectives of this study are (1) to evaluate the field performance of asphalt 

pavements with single and sequential slurry seal applications, (2) to develop performance models 

for asphalt pavements without slurry seals, with single application, and sequential application of 

slurry seals at various times following construction, and (3) to identify the optimum time for the 

different cases of application of slurry seals on asphalt pavements within the RTC region.  The 

last objective was achieved by evaluating the long-term pavement performance and the cost-

effectiveness of slurry seals 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 condition (2).  A pavement performance model is defined as an equation 

that relates a pavement performance index, such as the pavement serviceability index, with time 

and can be used to predict the future pavement condition of the pavement based on the current 

pavement condition data.  In this regard, pavement performance models are critical to the 

pavement management process, as the scheduling of maintenance and rehabilitation (M&R) 

activities is based on the present pavement serviceability conditions measured in the field and 

future pavement service conditions predicted with pavement performance models (3). 

In 2004, Hein and Watt indicated that one method municipalities have been using to 

prioritize and justify transportation infrastructure expenditures is regular road surface condition 

ratings that are summarized using an index value such as, pavement condition index (PCI) (4).  

By utilizing road surface ratings in conjunction with construction and maintenance histories, 

pavement condition prediction models can be developed which are imperative for the 

development of a complete pavement management system.  In 1994, Shahin presented different 

aspects of pavement condition prediction modeling, emphasizing the focus on sound, cost-

effective management rather than the identification of emergency repairs (5).   
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Research by Rohde et al. used the World Bank´s Highway Design and Maintenance 

Model, (HDM-IV) to calibrate the performance models for slurry seals using field data from 

specific test sections at Gauteng, South Africa and LTTP data.  HDM-IV uses the following 

distresses to calibrate its condition index: crack initiation, crack progression, ravel initiation, 

pothole progression, rut progression, rut standard deviation progression and riding quality.  The 

HDM-4 condition index is a composite index calculated from the HDM prediction models for 

cracking, rut depth, potholes and roughness.  Unfortunately, the research focused only in 

calibrating the slurry seal performance models and did not include conclusions regarding the 

field performance of slurry seals (6, 7).  

In 2010, Liu et al. determined the cost-effectiveness of ultrathin bonded bituminous 

surface and modified slurry seals.  The research used information from the Pavement 

Management Information System (PMIS) from the Kansas Department of Transportation.  The 

performance was assessed using the following distresses; roughness, rutting, fatigue, and 

transverse cracking.  The research concluded that a modified slurry seal increases the service life 

of a Kansas State highway by 4.7 years (8). 

The performance pavement modeling for this study is utilized for the identification of the 

effectiveness of a slurry seal application to a flexible pavement with respect to time within the 

Washoe county region.  To document pavement performance, the Washoe County Engineering 

Department (WCED) uses the MicroPAVER pavement management software system that is 

supported, maintained, and periodically updated by the Construction Engineering Research 

Laboratories (CERL) of the US Army Engineer Research and Development Center (9).   

The MicroPAVER system works in conjunction with the ASTM D6433 (10) inspection 

standard to determine 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 roughness; however, it is an 

objective tool for assessing the M&R needs of roadway section with respect to an entire 

pavement system. 

The environmental conditions of the Washoe county region can be characterized as a 

high desert, which generally indicates relatively low annual precipitation rates, generally around 

10 inches, but nearly all locations in the county below 20 inches, except for the mountainous 

regions surrounding Lake Tahoe (11).  Being a high desert, the area is subjected to relatively 

high summer temperatures, periodically over 100̄F, and generally mild winters, usually not 

below 0̄ F.  However, the region is subjected to significant daily temperature fluctuations 

varying by 30 to 40̄F, but may exceed 45°F, between consecutive day and night temperatures 

throughout the year (12). 

 

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 City of Sparks.  The evaluation covered 

pavements that were newly constructed and pavements that received overlays.  Asphalt mixtures 

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

with AC-20, AR4000 or PG64-22 unmodified asphalt binders.  Slurry seals were designed in 

accordance with guidelines contained in International Slurry Surfacing Association (ISSA) 

Publication A105 (13).  In general, emulsion asphalts consisted of latex modified cationic quick 
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set with a minimum of 3 percent latex rubber by weight of the binder following agencies 

requirements.  The majority of the roadways under the countyôs direction are classified as minor 

arterials, collectors, and residential streets.  The Washoe county regional functional 

classifications for the various roads categories are defined as follows.   

¶ Arterial:  

­  Approximate average daily traffic (ADT) of 10,000 and above. 

­  Principal arterial roads that serve major centers of activity of urbanized areas and 

in rural areas function primarily to 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. 

¶ Collector:  

­  Approximate ADT 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 into arterial 

roads. 

¶ Residential:  

­  Approximate ADT less than 6,000 with a high percentage of trucks (>4%)  

­  Lower volume roads that provide direct access to commercial and industrial lands. 

 

A total of 2700 pavement sections were evaluated in this study.  Residential streets 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:   

¶ Do-Nothing: a slurry seal was not applied to the pavement 

¶ Slurry seal applied immediately after construction 

¶ 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 June and September 

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 evaluation 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 is periodically cross-

scored by an independent rating source to make sure that ratings between each agency are 

comparable (14). 

MicroPAVER divides the road network into sections based on uniform properties of the 

pavement and traffic conditions.  Each pavement section 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 survey 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 shown in Tables 1 and 2.  The number of sections 

reported in Tables 1 and 2 represent the number of sections identified by the MicroPAVER 

system.  This indicates that multiple sections may have been located on the same road.  The R2 

value indicates the goodness of the fit between the model and the actual data.  An R2 value of 

1.00 indicates a perfect fit between the model and the data and an R2 value 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 relative quality 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 model for each category was determined to be the model with the 

lowest SSR/N and MSE.  

Figure 1 shows the performance models for pavements that have not received slurry seals 

in both the new construction and overlay categories.  The performance data show different 

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 which did not show 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 distresses that were observed on the 

evaluated pavement sections before the application of slurry seal 7 or more years after 

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

 

Road 

Classification 

Year of 

Single 

Slurry Seal 

Application 

Equation Age R2 

Total 

number of 

sections 

(N) 

Sum of 

Squares 

Residual 

(SSR) 

Mean 

Square 

Error 

(MSE) 

SSR/N 

Do-Nothing Performance Prediction Models 

Arterial -- PCI = -0.0058Age4 + 0.1863Age3 - 1.7141Age2 - 0.6472Age + 99.752 ² 0 0.978 36 402.9 100.7 11.2 

Collector -- PCI = 0.001Age4 - 0.0312Age3 + 0.2715Age2 - 4.4837Age + 100.77 ² 0 0.979 33 2,45.3 245.3 7.4 

Residential -- PCI = -0.0026Age4 + 0.0891Age3 - 0.9833Age2 - 0.8446Age + 99.24 ² 0 0.911 525 43,872.9 528.6 83.6 

Slurry Seal Performance Prediction Models 

Arterial 

0 PCI = -0.01Age4 + 0.2956Age 3 - 2.6491Age2 + 2.318Age + 99.864 ² 0 0.984 5 511.9 255.9 102.4 

1 PCI = -0.0063Age4 + 0.2053Age3 - 1.9753Age2 + 0.5229Age + 101.04 ² 1 0.993 6 262.4 131.2 43.7 

3 PCI = 0.0062Age4 - 0.263Age3 + 3.9034Age2 - 27.769Age + 154.81 ² 3 0.902 9 150.9 150.9 16.8 

5 PCI = -0.0291Age4 + 1.1522Age3 - 16.164Age2 + 89.136Age - 82.919 ² 5 0.942 4 1,249.1 1249.1 312.3 

7 PCI = -0.0267Age4 + 1.1819Age3 - 18.513Age2 + 114.5Age - 148.19 ² 7 0.910 8 1,478.3 1478.3 184.8 

9 PCI = -0.0119Age4 + 0.6523Age3 - 13.036Age2 + 105.1Age- 204.78 ² 9 0.931 9 1,115.4 1115.4 123.9 

Collector 

0 PCI = -0.0001Age4 + 0.0117Age3 - 0.2608Age2 - 2.2817Age + 100.0 ² 0 0.979 5 1,391.6 231.9 278.3 

1 PCI = -0.0039Age4 + 0.1344Age3 - 1.5335Age2 + 2.052Age + 98.616 ² 1 0.980 6 907.5 453.7 151.2 

3 PCI = -0.0087Age4 + 0.3024Age3 - 3.5674Age2 + 11.332Age + 90.658 ² 3 0.969 9 1,066.3 533.1 118.5 

5 PCI = -0.0084Age4 + 0.3646Age3 - 5.5033Age2 + 27.831Age + 58.078 ² 5 0.971 9 1,065.2 532.6 118.4 

7 PCI = -0.0195Age4 + 0.878Age3 - 14.307Age2 + 93.745Age - 123.33 ² 7 0.897 7 2,616.7 2616.7 373.8 

9 PCI = -0.0397Age4 + 2.0316Age3 - 37.849Age2 + 296.55Age - 738.93 ² 9 0.888 6 1,963.9 1963.9 327.3 

Residential 

0 PCI = -0.0023Age4 + 0.0805Age3 - 0.8721Age2 - 1.4712Age + 99.924 ² 0 0.977 85 3,933.6 87.4 46.3 

1 PCI = 0.0044Age4 - 0.123Age3 + 0.9508Age2 - 6.0974Age + 105.24 ² 1 0.983 103 5,264.4 181.5 51.1 

3 PCI = 0.0026Age4 - 0.123Age3 + 1.5781Age2 - 10.1x + 119.2 ² 3 0.988 105 3,322.0 75.5 31.6 

5 PCI = 0.0069Age4 - 0.0838Age3 - 0.5742Age2 + 1.7814Age + 111.34 ² 5 0.977 139 5,911.9 1182.4 42.5 

7 PCI = -0.038Age4 + 1.6358Age3 - 25.47Age2 + 162.66Age - 276.58 ² 7 0.952 123 13,571.5 1233.8 110.3 

9 PCI = -0.1157Age4 + 5.7882Age3 - 107.39Age2 + 867.71Age - 2493.6 ² 9 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. 

 

Road 

Classification 

Year of 

Single 

Slurry Seal 

Application 

Equation Age R2 

Total 

number of 

sections 

(N) 

Sum of 

Squares 

Residual 

(SSR) 

Mean 

Square 

Error 

(MSE) 

SSR/N 

Do-Nothing Performance Prediction Models 

Arterial -- PCI = -0.0185Age4 + 0.5036Age3 - 4.0695Age2 + 3.6796Age + 98.809 ² 0 0.973 34 457.4 457.4 13.5 

Collector -- PCI = -0.0004Age4 + 0.0099Age3 - 0.2232Age2 - 3.7809Age + 99.192 ² 0 0.959 226 1,882.6 1,882.6 8.3 

Residential -- PCI = -0.0048Age4 + 0.1177Age3 - 0.9078Age2 - 1.9824Age + 98.666 ² 0 0.907 1,848 49,069.7 9,813.9 26.6 

Slurry Seal Performance Prediction Models 

Arterial 

0 PCI = -0.0181Age4 + 0.4951Age3 - 4.0048Age2 + 3.5562Age + 99.899 ² 0 0.986 7 786.8 393.4 112.4 

1 PCI = -0.0128Age4 + 0.3481Age3 - 2.7262Age2 - 0.4666Age + 102.81 ² 1 0.981 9 907.9 454.0 100.9 

3 PCI = -0.0162Age4 + 0.5902Age3 - 7.7303Age2 + 35.778Age + 46.482 ² 3 0.977 8 1,328.0 332.0 166.0 

5 PCI = -0.0594Age4 + 2.3389Age3 - 33.321Age2 + 194.57Age - 295.9 ² 5 0.984 9 547.6 547.6 60.8 

7 PCI = -0.0348Age4 + 1.4056Age3 - 20.539Age2 + 120.78Age - 153.72 ² 7 0.939 6 948.6 948.6 158.1 

9 PCI = 0.0356Age4 - 1.4926Age3 + 22.796Age2 - 159.65Age + 526.72 ² 9 0.925 8 1,291.6 1291.6 161.5 

Collector 

0 PCI = -0.0009Age4 + 0.0387Age3 - 0.5779Age2 - 2.6513Age + 99.98 ² 0 0.979 10 2,051.8 410.4 13.2 

1 PCI = -0.0006Age4 + 0.0379Age3 - 0.5773Age2 - 3.1878Age + 103.21 ² 1 0.982 12 1,213.5 606.8 10.6 

3 PCI = -0.0024Age4 + 0.1387Age3 - 2.4837Age2 + 9.179Age + 91.239 ² 3 0.980 15 1,463.2 731.6 12.6 

5 PCI = 0.0044Age4 - 0.2179Age3 + 4.0245Age2 - 40.362Age + 225.73 ² 5 0.973 19 1,185.7 592.9 15.6 

7 PCI = -0.0481Age4 + 2.0665Age3 - 33.252Age2 + 228.1Age - 482.91 ² 7 0.958 12 1,159.0 579.5 18.7 

9 PCI = 0.0537Age4 - 2.9244Age3 + 58.057Age2 - 509.19Age + 1736.2 ² 9 0.927 13 1,056.6 528.3 24.0 

Residential 

0 PCI = -0.0041Age4 + 0.1056Age3 - 0.8448Age2 - 2.2707Age + 99.849 ² 0 0.973 236 1,973.1 1,973.1 8.4 

1 PCI = -0.0049Age4 + 0.1159Age3 - 0.7594Age2 - 3.6479Age + 104.28 ² 1 0.965 242 2,784.0 2,784.0 11.5 

3 PCI = -0.0194Age4 + 0.6336Age3 - 7.2921Age2 + 28.83Age + 63.294 ² 3 0.958 291 2,307.6 329.7 7.9 

5 PCI = -0.0076Age4 + 0.2747Age3 - 3.41Age2 + 9.8706Age + 106.29 ² 5 0.936 295 6,130.1 1,226.0 20.8 

7 PCI = -0.0052Age4 + 0.076Age3 + 1.2761Age2 - 33.311Age + 241.73 ² 7 0.934 159 2,455.0 2,455.0 15.4 

9 PCI = -0.4638Age4 + 21.490Age3 - 369.690Age2 + 2787.3Age ï 7682.4 ² 9 0.986 7 786.8 393.4 112.4 
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(a)                                                              (b) 

 
(c)                                                              (d) 

 
(e)                                                              (f) 

Figure 1 Do-nothing performance models for (a) new construction on arterials, (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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Figures 2 ï 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.  Additionally, Figure 8 

shows the increase in the initial PCI value at the time of slurry seal application.  The following 

general trends can be observed from the presented data: 

¶ 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 PCI value. 

¶ 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 slurry seal was applied 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 value was more 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 31 points with the highest increase being 

observed on arterial roads. 

¶ 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 observed 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 PCI was observed on arterial roads.     

 

From the performance models in Figures 2 ï 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 serviceability condition 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. PCI = 40) due to the application of the slurry seal.  In 

other words, the extension in pavement service life is the number of years a pavement 

reconstruction is delayed.  For example, it took 2.0 years for the slurry seals applied on year 3 of 

service to the newly constructed arterials to deteriorate from a PCI of 100 right after treatment to 

the pre-treatment PCI of 87 (see Figure 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 2(c)).  On the other hand, it took 3.0 years for the slurry seals applied on year 7 of service 

to the newly constructed arterials to deteriorate from a PCI of 87 right after treatment to the pre-

treatment PCI of 62 (see Figure 2(e)).  However, for the same example, the treatment did not 

extend the pavement service life as both performance curves reached the PCI of 40 after 14.5 

years (see Figure 2(e)). 
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(a)                                                              (b) 

 
(c)                                                              (d) 

 
(e)                                                              (f) 

Figure 2 New construction, 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. 



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

  Page 11 
 

 
(a)                                                              (b) 

 
(c)                                                              (d) 

 
(e)                                                              (f) 

Figure 3 New construction, collectors: 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. 
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(a)                                                              (b) 

  
(c)                                                              (d) 

  
(e)                                                              (f) 

Figure 4 New construction, residential: 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. 
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(a)                                                              (b) 

 
(c)                                                              (d) 

 
(e)                                                              (f) 

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. 
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(a)                                                              (b) 

 
(c)                                                              (d) 

 
(e)                                                              (f) 

Figure 6 Overlay, collectors: 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. 
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(a)                                                              (b) 

 
(c)                                                              (d) 

 
(e)                                                              (f) 

Figure 7 Overlay, residential: 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. 
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(a) 

 
(b) 

Figure 8 Increase in Initial PCI Value for (a) newly constructed pavements and (b) overlay 

asphalt pavements due to a single slurry seal appliction. 

 

Typically, the slurry seal performance life ranged from 2.0 to 4.0 years, 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, the pavement service life was not 

extended by application of the slurry seal except in 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 

residential 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 life 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 different (See 

section 5.2).   
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4.3 Benefit Cost Analysis 

The next step of the analysis consisted 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 slurry seal and the pavement with slurry seal up to the terminal PCI of 40 as shown in 

Figure 9.  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 service of a pavement 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 of the pavement 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 

usersô satisfaction. 

 

 
Figure 9 Example of pavement performance benefit. 

 

In the example shown in Figure 9, the application of the slurry seal on a newly 

constructed arterial after three years of construction created an 8-point jump in the PCI, a 

noticeable upward shift in the performance curve leading to a benefit value of 160, and 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:  

¶ Brought the pavement up to its original serviceability (i.e. PCI = 100). 

¶ Created a noticeable improvement in the serviceability of the pavement, and therefore, 

improved the usersô satisfaction by 43 percent (see Table 3 for newly constructed Arterial 

pavements). 

¶ Extended the service life of the pavement by 15 percent (i.e. from 14 to 16 years). 
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Table 3 Effectiveness of Single Slurry Seal for Newly Constructed and Overlay Asphalt 

Pavements. 

 

Traffic  

Year of 

Slurry Seal 

Application 

Benefit, B 

(Area) 

Relative 

Benefit x 100 

Cost, C 

($/Lane-mile) 

Benefit Cost 

Ratio 

(B/Cx1000) 

Newly Constructed Pavements 

Arterial 

0 32.8 9 11,070  3.0 

1 19.2 5 11,402  1.8 

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 

Collector 

0 19.5 4 11,070  1.5 

1 15.4 3 11,402  2.1 

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 

Residential 

0 0.0 0 11,070  0.0 

1 58.4 14 11,402  5.1 

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 23,178  2.8 

Overlay Asphalt Pavements 

Arterial 

0 26.7 8 11,070 2.4 

1 1.8 1 11,402 0.2 

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 

Collector 

0 17.4 5 11,070 1.6 

1 14.5 4 11,402 1.3 

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 

Residential 

0 3.1 1 11,070 0.3 

1 16.4 4 11,402 1.4 

3 83.6 20 12,459 6.7 

5 78.0 19 14,444 5.4 

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) was estimated based on the cost figures of 2009 (i.e. 0 year 

after construction) at $11,070/lane-mile.  A discount rate of three percent was determined based 

on historical 15-year records (1991 ï 2005) for the region and was used to estimate the cost 

figures for the various years of slurry seal applications.  For example, the cost of slurry seal 

applied at year 3 after construction will be: $11,070(1 + 0.03)4 = $12,459/lane-mile.  In general, 

the longer a slurry seal is postponed the higher the present cost of the slurry seal will become as 

shown in Table 3. 

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 of the slurry seal treatment with respect to various times of application.  Table 3 

summarizes the benefit and cost figures for the application of slurry seals at various years after 

construction for the new construction and overlay.  Figure 10 shows the distributions 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 in Figure 10.  For overlays, the highest benefit, relative benefit and benefit 

cost ratio from a slurry seal application occur in years 3 and 5 for arterials, collectors and 

residential streets as also shown in Figure 10.  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:  

¶ Year 3 for newly constructed arterials and newly constructed residential streets 

¶ Years 3 and 5 for newly constructed collectors 

¶ Years 3 and 5 for arterials, collectors and residential streets with overlays 
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(a) 

 

   
(b) 

 

   
(c) 

Figure 10 Effectiveness of slurry seal (a) benefit (b) relative benefit and (c) benefit cost 

ratio. 

 

 

 

Newly Constructed 

Newly Constructed 

Newly Constructed 

Overlay 

Overlay 

Overlay 
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5. TWO SEQUENTIAL APPLICATION S OF SLURRY SEAL  

 

5.1 Evaluated Pavement Sections 

All asphalt pavement sections identified for this sequential slurry seal applications were also 

within the jurisdictions of Washoe County, City of Reno and City of Sparks.  Similarly, the 

evaluation covered two pavement types: newly constructed pavements and pavements that 

received overlays.  Only residential roads within the three jurisdictions experienced sequential 

slurry seal applications. There were no projects found for arterial or collector roads.  As 

mentioned earlier, the Washoe county regional functional classification for residential roads is 

defined as having an approximate average daily traffic (ADT) of less than 6,000 with a high 

percentage of trucks (> 4%), and lower volume roads that provide direct access to commercial 

and industrial lands. A total of 2,866 pavement sections were evaluated for the study as shown in 

Table 4. Pavement sections that only had one slurry seal received 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 0, 1, 3, or 5 years and the second slurry seal received at the age of 7 or 9 years.  

Similar to the abovementioned single slurry seal application study, the asphalt mixtures 

used in the evaluated pavement sections were generally dense graded HMA with a 12.5 or 19.0 

mm nominal maximum aggregate size with AC-20, AR4000 or PG64-22 unmodified asphalt 

binders. The performance of the various pavement sections were also measured in terms of the 

PCI that the agencies collected using the MicroPAVER system.   

 

Table 4 Number of Pavement Sections Identified for Sequential Slurry Seal Evaluation. 

 

Treatment Newly Constructed 

Pavement Sections 

overlaid pavement 

sections 

Total number of 

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 collected by the owner agencies were used to develop the performance prediction 

models.  Figure 11 presents individual PCI measurements for the do-nothing condition for both 

new construction and overlay sections. Equations 1a and 1b show the developed fourth-degree 

polynomial family performance prediction model for the graphs shown in Figures 11a and 11b, 

respectively. Performance prediction models for the various sequential slurry seal conditions 

were developed in a similar fashion.  

 

ὖὅὍ πȢππςφ ὃὫὩ4 +0.0891 ὃὫὩ3 0.9833 ὃὫὩ2 0.8446ὃὫὩ+99.24              
Eq (1a) 

ὖὅὍ πȢππτψ ὃὫὩ4 +0.1177 ὃὫὩ3 0.9078 ὃὫὩ2 1.9824ὃὫὩ+98.67             

Eq (1b) 

 

The do-nothing performance prediction model as well as the performance 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 
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application conditions. In order to forecast the performance prediction model after a first or 

second slurry seal is applied, they need to be shifted to a present PCI-age point.  Once this shift 

is applied, it is assumed that the deterioration of all pavement sections in a family is similar and 

is a function of only their present condition, regardless of age (9).  It must be noted that the 

performance prediction models were not shifted farther than 1.2 years. 

 

    
(a)            (b) 

 

Figure 11 Developed performance curves for the do nothing condition for a) new 

construction and b) overlay sections. 

 

Table 5 presents all the various performance prediction models used for the study.  The 

number of sections reported in Table 5 represents the number of sections identified by the 

MicroPAVER system.  This indicates that multiple sections may have been located on the same 

road.  The sections identification nomenclature was organized as follows: for example, OL-0-7 

would indicate overlaid pavements that received the first slurry seal at year 0 and the second 

slurry seal at year 7.  Similarly, NC-0-7 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 range in Table 5, the performance models are 

only valid over certain pavement age ranges. For example, the performance model for OL-0-9 

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 one can only be used when the pavement is 9 years or older. 

The R2 value indicates the coefficient of determination between the model and the actual 

data.  High R2 value indicates a perfect fit between the model and the data. 
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  Table 5 Performance Models for Newly-Constructed and Overlaid Pavements. 

 

ID 

No of 

Sectio

ns 

Year of 

Treatment 

Application  

Age Range 

(years) Performance Model R2 

NC 525 Do nothing 0 Ò Age Ò 19 PCI = -0.0026Age4 + 0.0891Age3 - 0.9833Age2 - 0.8446Age + 99.24 0.911 

NC-01 85 0 0 Ò Age Ò 19 PCI = -0.0023Age4 + 0.0805Age3 - 0.8721Age2 - 1.4712Age + 99.924 0.977 

OL 1,848 Do nothing 0 Ò Age Ò 16 PCI = -0.0048Age4 + 0.1177Age3 - 0.9078Age2 - 1.9824Age + 98.666 0.907 

OL-02 236 0 0 Ò Age Ò 16 PCI = -0.0041Age4 + 0.1056Age3 - 0.8448Age2 - 2.2707Age + 99.849 0.973 

NC-0-73 10 0 0 Ò Age Ò 7 PCI = -0.0248 Age 4 + 0.3615Age 3 - 1.9867Age 2 - 0.5081Age + 100.09 0.990 

7 7 Ò Age Ò 17 PCI = -0.0401Age4 + 1.8221Age3 - 30.014Age2 + 204.81Age - 402.3 0.991 

NC-0-9 12 0 0 Ò Age Ò 9 PCI = -0.0145 Age 4 + 0.3004 Age 3 - 2.0051Age 2 - 0.4084Age + 99.452 0.979 

9 9 Ò Age Ò 15 PCI = -0.2215Age4 + 10.258Age3 - 176.82Age2 + 1335.5Age - 3637.3 0.980 

NC-1-7 15 1 1 Ò Age Ò 7 PCI = 0.0025Age4 - 0.0636Age3 + 0.3471Age2 - 4.8768Age + 104.34 0.992 

7 7 Ò Age Ò 17 PCI = -0.0214 Age4 + 0.9241Age3 - 14.652Age2 + 95.982Age - 140.61 0.956 

NC-1-9 12 1 1 Ò Age Ò 9 PCI = 0.0166Age4 - 0.3062Age3 + 1.7789Age2 - 7.9927Age + 106.32 0.977 

9 9 Ò Age Ò 15 PCI = -0.1279 Age4 + 6.0189Age3 - 105.95Age2 + 819.19Age - 2257.7 0.995 

NC-3-7 15 3 3 Ò Age Ò 7 PCI = 0.1597Age4 - 3.1528Age3 + 22.59Age2 - 72.931Age + 187.67 0.948 

7 7 Ò Age Ò 19 PCI = -0.0032 Age4 + 0.1351Age3 - 2.4789 Age2 + 17.543Age + 56.59 0.983 

NC-3-9 11 3 3 Ò Age Ò 9 PCI = -0.0519Age4 + 1.2266Age3 - 10.574Age2 + 36.15Age + 57.839 0.856 

9 9 Ò Age Ò 19 PCI = 0.0224Age4 - 1.2347Age3 + 24.577Age2 - 215.9Age + 799.08 0.993 

NC-5-9 7 5 5 Ò Age Ò 9 PCI = 0.3417 Age4 - 9.4083Age3 + 95.133Age2 - 424.12Age + 804.5 0.989 

9 9 Ò Age Ò 18 PCI = -0.0308Age4 + 1.5823Age3 - 30.31Age2 + 249.16Age - 654.22 0.990 

OL-0-74 15 0 0 Ò Age Ò 7 PCI= -0.0165Age4 + 0.2949Age3 - 1.7736Age2 - 1.5027Age + 100.03 0.989 

7 7 Ò Age Ò 16 PCI = -0.0395Age4 + 1.6286Age3 -24.513Age2 + 153.73Age-260.28 0.959 

OL-0-9 17 0 0 Ò Age Ò 9 PCI = -0.0244Age4 + 0.4825Age3 - 3.0234Age2 + 1.4635Age + 98.752 0.976 

9 9 Ò Age Ò 15 PCI = -0.0853Age4 + 3.6414Age3 - 56.628Age2 + 371.11Age - 772.95 0.936 

OL-1-7 13 1 1 Ò Age Ò 7 PCI = 0.0025 Age4 - 0.0636Age3 + 0.3471Age2 - 4.8768Age + 104.34 0.992 

7 7 Ò Age Ò 16 PCI = -0.0318Age4 +1.285Age3 - 19.169Age2 + 120.21Age - 187.49 0.951 

OL-1-9 10 1 1 Ò Age Ò 9 PCI = -0.0046Age4 + 0.131Age3 - 1.1386Age2 - 1.176Age + 101.9 0.993 

9 9 Ò Age Ò 17 PCI = -0.0119Age4 + 0.4477Age3 - 5.5291Age2 + 14.536Age + 150.44 0.983 

OL-3-7 17 3 3 Ò Age Ò 7 PCI = -0.0625Age4 + 1.375Age3 - 11.688Age2 + 38.875Age + 56.5 0.944 

7 7 Ò Age Ò 21 PCI = 0.0076Age4 - 0.4031Age3 + 7.3648Age2 - 59.809Age + 267.21 0.988 

OL-3-9 12 3 3 Ò Age Ò 9 PCI = -0.0457Age4 + 1.1416Age3 - 10.54Age2 + 37.202Age + 55.974 0.990 

9 9 Ò Age Ò 20 PCI = -0.0005Age4 - 0.0233Age3 + 1.2645Age2 - 21.495Age + 193.06 0.988 

OL-5-9 6 5 5 Ò Age Ò 9 PCI = 0.1167Age4 - 2.925Age3 + 26.158Age2 - 104.8Age + 262.5 0.979 

9 9 Ò Age Ò 18 PCI = -0.0308Age4 + 1.5823Age3 - 30.31Age2 + 249.14Age - 654.22 0.983 
1 Newly constructed pavement subjected to a single slurry seal at year 0. 
2 Overlaid pavement subjected to a single slurry seal at year 0. 
3 Newly constructed pavement subjected to a first slurry seal at year 0 followed by a second slurry seal at year 7. 
4 Overlaid pavement subjected to a first slurry seal at year 0 followed by a second slurry seal at year 7. 

 

Figure 12 shows a typical performance curve for the do nothing condition, the first slurry 

seal, and the second slurry seal superimposed on a PCI versus time plot. The slurry seal 

performance lives as well as the extensions it causes in pavement service life can be determined 

for slurry seal at various times of applications.  As mentioned before, 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.  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. PCI 

= 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 pre-treatment PCI of 88 (ȹPCI = 12) (Figure 12).  

Furthermore, it took 2.5 years for the second slurry seal applied on year 9 of service to 
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deteriorate from a PCI of 93 right after treatment to the pre-treatment PCI of 80 (ȹPCI = 13).  

Therefore, the performance life for 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 reached by 3.2 

years (see Figure 12).   

 

 
 

Figure 12 Performance curves for a newly constructed residential section for the do-

nothing condition and slurry seals applied in year 3 and 9. 

 

Figures 13 to 20 presents all the various cases of sequential application of slurry seals for 

newly constructed and overlaid pavements. 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 second slurry seal application. From the 

presented figures, the following general trends can be observed: 

¶ 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 PCI value for both newly-

constructed and overlay pavements (Figures 13, 14, 17, and 18) 

¶ The application of the first slurry seal at years 3 and 5 shows significant jumps in the PCI 

value at the time of application and in the shape of the performance curve for future 

years.  In fact, the PCI value jumps back up to nearly 100 (Figures 15, 16, 19, and 20). 

¶ 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 application of the first slurry 

seal. For both newly constructed and 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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(a)                                                                     (b) 

Figure 13 New construction: do-nothing and slurry seal performance models at (a) year 0 

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

 

   
(a)                                                                     (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: do-nothing and slurry seal performance models at (a) year 3 

and year 7 and (b) year 3 and 9. 

 

 
 

Figure 16 New construction: do-nothing and slurry seal at year 5 and 9 performance 

models. 
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(a)                                                                                (b) 

 

Figure 17 Overlay: do-nothing and slurry seal performance models at (a) year 0 and year 7 

and (b) year 0 and 9. 

 

   
(a)                                                                         (b) 

 

Figure 18 Overlay: 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 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 in Figures 13 to 20, the slurry seal performance life and 

extension in pavement service life can be determined for the various cases.  Figure 21 

summarizes the various performance lives and extensions for all pavement types.  Figure 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 performance life for the first 

slurry seal carries over to the second slurry seal. In fact, the performance life of the second slurry 

seal for NC-0-9 is higher than both NC-3-9 and NC-5-9.  Regardless of this fact, the extension in 

pavements life was found to be the highest with the first slurry seal applied in years, 3 or 5 and 

the second slurry seal in either year 7 or 9. 


