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ABSTRACT

This study evaluated the field performance of asphalt pavements with sequential slurry seal
applications. developed performance models for asphalt pavements without shurry seals and
asphalt pavements receiving slurry seals at various times following construction, and identified
the optimum time for the application of two slurry seals on asphalt pavements within the Washoe
County. Nevada region. This is a continuation of a previous study in which only one application
of slurry seal was investigated. The long-term pavement performance data collected was
evaluated 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 optimum times and highest relative benefit of application of slurry seals for
both overlays and new construction pavements was when the first slurry seal was applied at year
3 followed by a second sturry seal at year seven or nine.

Keywords: Sluiry seal, asphait pavement treatment. pavement maintenance. optimum time,
benefit cost ratio. performance life, service life
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INTRODUCTION

Pavement preservation has been proven to reduce local and state agencies™ overall transportation
costs. Pavement preservation addresses pavements that are still in good condition. They restore
the function of the existing roadway, but not increase its capacity or strength, With timely
pavement preservation, the occurrence of more costly, time consuming rehabilitation and
reconstruction techniques can be reduced and also provide users with safer and more comfortable
rides. Although the selection of the appropriate pavement preservation technique is critical for a
long lasting pavement, this study focuses on one of the treatinents: the slurry seal.

A slurry seal is a mixture of slow setting emulsified asphalt, weli 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
paverent, and to improve skid resistance (/).

This report is a continuation 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 slurry seals on asphalt pavements. The optimum time
for the application of a single slurry seal has already been determined (2, this study focuses on
the optimum time for sequential application of slurry seals on asphalt pavements.

OBJECTIVE

The overall obiectives of this study are (1) to evaluate the field performance of asphalt
pavements with sequential siurry seal applications. (2} to develop performance models for
asphalt pavements without slurry seals and asphalt pavements receiving sequential slurry seals at
vartous times following construction. and (3) to identify the optimum time for the application of
sequential slurry seals on asphalt pavements within the Regional Transportation Commission
(RTC) region in northern Nevada. This objective was achieved by evaluating tne long-ierm
pavement performance and the cost-effectiveness of sequential siurry seals applied to new and
existing flexible pavements within the Washoe county, Nevada region with respect to the time of
slurry sezl application.

BACKGROUXND

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 73;, A pavement performance model can be described as an
equation that relates a pavement performance index with time. It serves as a valuable tool to aid
in the prediction of the future pavement condition of the pavement based on the current
pavement condition dats. Additionally. pavement performance models are critical to the
pavement managemeni 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 (4}.

It has been noted that a valuable method to prioritize and justify transportaiton
infrastructure expenditures is the use of road surface conditicn ratings such as the pavement
condition index (PCI) /3). By utilizing road surface ratings in conjunction with construction and
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maintenance histories. pavement condition prediction models can be developed which are
imperative for the development of a complete pavement management system,

As mentioned, this project is a continuation of a slurry seal study by Hajj et al. (2) in
which they determined the optimum time to place a single slurry seal on Nevada roads. From
their study, they concluded that the opiimum time of application of slurry seal for newly
constructed flexible pavements was three years after construction. For pavements subjected to
overlays, the optimum time to apply slurry seal was between three and five years after
construction. The application of the slurry seal immediately after or one year after construction
of the asphalt layer was not effective in terms of both the benefit to the users and the benefit cost
ratio for the agency. Similarly. previous work has demonstrated the cost-effectiveness of
modified slurry seals (6.

Furthermore. Hajj et al. (2) determined for the various single slurry seal applications, the
slurry seal performance lives and the exiensions in pavement service life. The slurry seal
performance life was defined as the number of vears for the slurry seal performance curve io
reach the PCI of the existing pavement before treatment application. In other words, the sturry
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 treatrment.
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. Typically. the slurry seal performance life ranged from 2.0 10 4.0
years, except when applied in year 0 and 1. it ranged between 0.0 to 1.0 years. Except in very
few cases, the pavement service life was not extended by the application of the single slurry seal.

The pavement modeting 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 (7).

The MicroPAVER system works in conjunction with the ASTM D6433 inspection
standard to determine and monitor the pavement condition index (PCI) of a given roadway
section. The PCl rating of a roadway is based on the observed surface distresses. The PCl 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 (§). Being a high desert. the area is subjected to relatively high
summer temperatures, periodically over 100°F, and generally mild winters, usually not betow
0°F. However, the region is subjected 1o significant daily temperature fluctuations varying by 30
o 40°F, but may exceed 45°F. between consecutive day and night temperatures throughout the
year (9).
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EVALUATED PAVEMENT SECTIONS

All asphalt pavement sections identifted lor this study were within the jurisdictions of: Washoe
County. City of Reno and City of Sparks. The evaluation covered two pavement types: newly
constructed pavements and pavements that received overlays. Asphalt mixtures were generally
dense graded HMA with a 0.50 or 0.75 inch nominal maximuwm 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 Associztion (1SSA) Publication A103
(10). Ermulsion asphalts consisted of latex modifted cationic guick set with a minimum of 3
percent latex rubber by weight of the binder following agencies requirements. Only residential
roads within the three jurisdictions experienced sequential sfurry seal applications. There were
no projects found for arterial or coliector roads. 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 2373 pavement sections were evaluated for the do notning condition
(pavements without any slurry seal applications throughout its pavement life) with 525 pavement
sections being newly constructed and 1,848 pavement sections that received overlays.
Furthermore, a total of 321 pavement sections that only had one slurry seal for their whole entire
pavement life applied at year 0 were evaluated with 85 pavements sections being newly
constructed and 236 pavement sections that received overlays.

A total of 172 pavement sections were evaluated i this study that experienced sequential
slurry seal applications with 82 pavement sections being newly constructed and 90 pavement
sections that received overlays. These pavement sections were broken into the following two
catcgories:

o First slurry seal applied either immediately after construction (0 years after construction),

1, 3, or 5 years after construction

o Second siurry seal applied at 7 or 9 years after construction

The performance of the various pavement sections were measured in terms of the PCH
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 (/7).

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
the surveyed units within each section is used to represent the condition of the entire section for
the specific survey date.

PERFORMANCE MODELS

The PCI data collected by the owner agencies were used to develop the performance prediction
models. Figure la and 1b present individual PC] measurements as well as the developed fourth-
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degree polynomial family performance prediction model for the do-nothing condition for both
new construction and overlay sections. Only data that have been processed through a filtering
and outlier analysis were used to develop the performance prediction models. Performance
prediction models for the various sequential slurry seal conditions were developed in a similar
fashion.

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
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 PCl-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 (7). It must be noted that the
performance prediction models were not shifted farther than 1.2 years.

Table 1 presents all the various performance prediction models used for project. The
number of sections reported in Table 1 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 gverlay 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 1, the performance models are
only valid over certain pavement age ranges. For example, the performance model for OL-0-9
for treatment year of 9 years can only be used to predict PCI values when the pavement is 9
years or older.

The R* value indicates the coefficient of determination between the model and the actual
data. An R? value of 1.00 indicates a perfect fit between the model and the data and an R* value
of 0.00 indicates a very poor fit.
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Figure 1 Developed performance curves for the do nothing condition for a) new
construction and b) overlay sections.
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Table 1 Performance models for newly-constructed and overiay pavements.
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Figure 2 shows a typical performance curve for the do nothing condition. the first siurry
seal, and the second siurry seal superimposed on a PCI versus time plot. The slurry seal
performance lives and extensions in pavement service life can be determined for the various
sturry sea!l applications. As defined before, the slurry seal performance life 1s defined as the
number of years for the sturry 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 vears the pavement will have at the end of its service life (i.e. PClL = 40) dug to the
application of the slurry seal. For example, it tock 4.3 vears 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 PCl of 88 (APCI = 12) (Figure 2). Furthermore, it took 2.5
years for the second slurry seal applied on year 9 of service to deteriorate from a PCI of 93 right
after treatment to the pre-treatment PCl of 80 (APCI = 13). Therefore, the performance life for
the first slurry seal is 4.3 years. whereas the performance [ife for the second slurry seal is 2.3
vears. 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 vears (see Figure 2).
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Figure 2 Performance curves for a newly constructed residential section for the do-nothing
condition and slurry seals applied in year 3 and 9.

Figures 3 to 10 presents all the various cases of sequential application of slurry seals for overlays
and newly constructed 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 figures,
the following general trends can be observed:

e 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 overlays and
newly-constructed pavements (Figures 3, 4, 7, and 8)

e The application of the first 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. In fact, the PCI value jumps back up to nearly 100.

e 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 overlay and newly constructed 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.

From the performance models in Figures 3 to 10, the slurry seal performance lives and
extensions in pavement service life can be determined. Figure 11 summarizes the various
performance lives and extensions for all pavement types. Figure 11 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 lives 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.
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Figure 3 Overlay: do-nothing and slurry seal performance models at (a) year 0 and year 7
and (b) yvear 0 and .
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Figure 4 Overlay: do-nothing and slurry seal performance models at (a) year 1 and year 7
and (b) vear 1 and 9.
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Figure 5 Overlay: do-nothing and slurry seal performance models at (2) year 3 and year 7
and (b) year 3 and 9.
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Figure 6 Overlay: do-nothing and slurry seal performance models at year 5 and 9.
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Figure 7 New construction: 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 8 New construction: de-nothing and slurry seal performance modeis at (a) year 1
and year 7 and (b) year 1 and 9.
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Figure 9 New construction: do-nothing and slurry seal performance models at (a) year 3
and year 7 and (b) year 3 and 9.
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Figure 10 New construction: do-nothing and slurry seal performance models at year 5 and
9.
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Figure 11 Performance lives of the first and second slurry seals and the extension in
pavement service life for both newly constructed pavements and pavements with overlays.

BENEFIT COST ANALYSIES

The relative benetit is defined as the ratio of the slurry seals performance benefit (B) over the
area under the performance curve of the pavement without sturry seai (A) up to the terminal PCI
of 40 (i.e. B/A x100) (Figure 12). The relative benefit can thus be viewed as the percent
improvement in the serviceability of the pavement which is directly related to users’ satisfaction.

Figure 13 graphically presents relative benefit values for sequential slurry seals applied at
various combinations for both newly constructed and overlay pavements. For both pavement
types. it is clear that the pavements that received the highest relative benefit were those that had
the first slurry seal applied in yvear 3, and the second slurry seal is applied in year 7 or 9. The
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highest relative benefit is achieved when both pavement types had the first slurry seal applied in
year 3 and the second slurry seal applied in year 7.
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Figure 12 Benefit determination of de-nothing condition and sequential slurry seal
application.
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Figure 13 Relative benefit for newly constructed pavements and pavements that received
overlays.
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The cost of the sturry seal (C) was estimated based on the cost figures of 2009 (i.e. O year
after construction) at $11,070/lane-mile. A discount rate of three percent was determined based
on historical 15-year records (1991 — 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 shury seal
applied at year 3 after construction will be: $11.070(1 + 0.03)" = $12.459/lane-mile. In general,
the longer a slurry seal is postponed the higher the present cost of the slurry seal will become.
The costs presented in Table 2 are total costs of both the first and second slurry seals.

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 treatinent with respect to various times of application. Table 2
summarizes the benefit and cost figures for the application of slurry seals at various years after
construction for the new construction and overlay.

For overlays, the highest benefit cost ratio from a sequential sturry seal apphication occur
when the first siurry seal is applied in year 3 followed by the second sfurry seal in year 7 at 7.7.
The second highest for overlays occurs when the first slurry seal is applied in vear 3 followed by
the second slurry seal in year 9 at 7.3. Similarly for new construction, the highest benefit cost
ratio from a sequential slurry seal applicaiion occurs when the first and second slurry seals are
applicd in years 3 and 7, respectively at 13.0. The second highest for new construction occurs
when the {irst slurry seal is applied in year 3 followed by a second slurry seal in year 7 at 11.7.

Table 2 Cost effectiveness of Sequential Slurry Seals for Newly Constructed and Overlay
Asphalt Pavements,

Sample ID | Benefit, B (Area) | Cost, C (3/lane-mile) | Benefit-Cost Ratio, (B/C x 1009) |
OL-0-7 56.7 24,685 ] 2.3 ’
OL-0-9 3.6 25,514 1.2
OL-1-7 52.7 25,017 2.1
OL-1-9 48.7 25,846 i.9
OL-3-7 225 6 - 29 871 7.7
OL-3-9 194.5 26,540 7.3
OL-5-9 124.4 27,277 4.6 [
NC-0-7 94.2 24.685 3.8 {
| NC-0-9 83.3 25,514 3.3 '
LNC-1-7 72.5 25,017 2.9
INC-1-9 99.2 25,846 _ 1.8
INC-3-7 | 333.4 25,711 | 13.0
NC-3-9 310.4 26,540 (1.7
NC-5-9 1482 27,277 i 54

CONCLUSIONS AND RECOMMENDATIONS

Review of the pavement performance data and benefit cost ratio of two slurry seal applications
as a function of the years of applications lead to the following conclusions:
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o The application of the first slurry seal immediately after or one year after construction of
the asphalt layer is not effective in terms of both the benefit to the users and the benefit
cost ratio for the agency.

e Regardless of construction activity, optimum time for a sequential slurry seal is when the
first slurry seal is applied in vear 3 and the second slurry seal is applied in year 7.

o The pavement service life was extended by 2.0 to nearly 4.0 years when the first shurry
seal was applied in years, 3 or 5 and the second slurry seal in either year 7 or 9. For those
application conditions, the sequentia! slurry seal was effective in delaying the time for
reconstruction.

In summary, for both new and overlay constructions, it is recommended that the agency
applies the first slurry seal three vears afier the construction of the asphalt layer and the second
sturry seal seven years after the construction. It should be noted that the above conclustons and
recommendations were based on the analysis of asphalt pavement sections that received a
sequential application of slurry seal during their intended performance life. The optimum time
for a single slurry seal application has already been conducted for this region and was
consistently found to be three years after construction.
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