Optimum Time for Application of Slurry Seal
to Asphalt Concrete Pavements

Elie Y. Hajj, Luis Loria, Peter E. Sebaaly, Corina M. Borroel,

and Paulina Leiva

This study evaluated the field perfarmance of asphalt pavementswith and
without slury seal applications, developed performance models for
asphalt pavements without shurry seals and asphalt pavements recening
smry seals at varions times followmg constinetion, and identified the
optimun time for applyimg slurry seals on asphalt pavements in the
Washoe Comty, Nevada, region. This determmimation was achieved by
evaluating the long tetm pavanent performance data collected with the
MicroPAVER systemn for the past 15 years and the cost-effectiveness of
sharry seals applied to new and existing flexible pavements at Years0, 1,
3.5, 7, and 9 after construction. This study found that applying slury seal
imm ediately after or 1 year afta constiuction of the asphalt layer is not
effective m regard to the benefit to users and the benefit—ost ratio for the
agency. The optimmn time of applying shury seal depended on the type
of constiuction activity. For newly constructed pavements, the optimnum
tine to apply durry seal was 3 vears after construction. For pavements
sbjected to overlays, the optimum time to apply shurry seal wasbetween
3 and Syears after construction. However, for uniformity pmposes, it was
recommended that the agency apply slurry seal 3 vears after construction
of the asphalt laver for both new and overlay constuctions.

In light of shuinking agency budgets, pressure 1s bemng placed on
agencies to become more cost-effective i their delivery of services
to the public. Unfortunately, transportation infrastructure. by nature.
begins to detertorate as soon as it 1s placed. Roadway preventive
maintenance provides users with safer and more comfortable ndes
and has been shown to reduce overall transportation costs when
mantenance treatments are properly selected and tuned. As such,
mfrashuchure 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 lughly
dependent on the conditions of an existing roadway. traffic. pave-
ment matenial properties. environmental conditions, and mainte-
nance history. Depending on the roadway deterioration expertenced
and other factors, agencies select an approprate maintenance treat-
ment to slow and retard fusther roadway deterioration. Agencies
have the opportunity to save money when they know the optumal
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time in which a roadway would most benefit from a preventive
maintenance treatment. Agencies can then start to look forward for
opportumties to apply maintenance treatments before more costly
rehabilitation treatments are requured to maintam user satisfaction.

Even though the selection of appropriate mamtenance treatments 1s
ciitical for a long-lasting pavement, this study focuses on deternun-
ing the optimal tune for applying a proven mantenance treahment: the
shury seal. A dary seal s a nuxture of slow-sethng enmlsified asphalt,
well-graded fine aggregate. nuneral filler. and water. It 1s 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 mto
the pavement. and to mprove sad resistance (1).

Tlus report summanzes the findings of a study conducted by the
Pavements/Materials Program at the University of Nevada, Reno,
for the Washoe Regional Transportation Commission (RTC) to
evaluate the field performance of shury seals on asphalt pavements

OBJECTIVE

The overall objectives of thus study are (a) to evaluate the field perfor-
mance of asphalt pavements with and without slury seal applications,
(b) to develop performance models for asphalt pavements wathout
slurry seals and asphalt pavements recaving sluny seals at vaous
times following construction. and (c) to 1dentify the optinmm time for
applyving durry seals on asphalt pavements m the RTC region. Thus
objective was achieved by evaluating the long-term pavement perfor-
mance and the cost-effectiveness of sluy seals applied to new and
existmg flexible pavements in the Washoe Cowmty, Nevada, region
with respect to the tune of dunry seal application.

BACKGROUND

Pavement performance is defined as the serviceability trend of the
pavement over a design pertod; serviceability mdicates the abality of
the pavement to serve the demand of the traffic in the existing condi-
tion (2). A pavement performance model is defined as an equation that
relates a pavement performance mdex. such as the pavement service-
ability mdex. with time and can be used to predict the future pavement
condition of the pavement on the basis of the cuurent pavement con-
dition data. In that regard. pavement paformance models are entical
to the pavement management process because the scheduling of mam-
tenance and rehabilitation activities is based on the present pavement
sericeability conditions measured m the field and futue pavement
service condiions predicted with pavement performance models (3).

In 2004 Hein and Watt indicated that one method nunueipalities
have beenusing to priositize and justify transportation infrastructure
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expenditures 1s regular road swrface condition ratings that are sum-
marized by using an mdex value such as the pavement condition
mdex (PCT) (4). By using road surface ratings in conjunction with
construction and mamtenance histories, pavement condition predic-
tion models can be developed that are umperative for the develop-
ment of a complete pavement management system. In 1994 Shalun
presented different aspects of pavement condition prediction mod-
eling, emphasizing the focus on sound. cost-effective management
rather than the 1dentification of emergency repaus (5)

Research by Rohde et al. used the Woirld Bank's lughway design
andmmantenance model (HDM-IV) to calibrate the performance mod-
els for sluny seals by using field data from specific test sections at
Gauteng. South Afinca, and long-term pavement performance data
(6, 7). HDM-IV uses the followmg distresses to calibrate 1ts condition
mdex: arack nuhation. crack progression, ravel imtiation. pothole pro-
gression, it progression, it standard deviahon progression, and nid-
g quality. The HDM-IV' condition mdex 1s a composite index
calculated from the HDM predicion models for cracking, rut depth,
potholes, and ronglmess. Unfortimately, the research focused only on
calibrating the sy seal performance models and did not melude
conclusions concenung the field performance of shry seals (6, 7)

In 2010 Lin et al. deternuned the cost-effechiveness of ultrathun
bonded bitununous swface and modified shury seals. The research
used mformation from the Pavement Management Information Sys-
tem from the Kansas Department of Transportation. The pesformance
was assessed by using the following distresses: roughness. ruthng.
fatigue. and transverse cracling. The research concluded that 2 modi-
fied shury seal increases the senvice hife of a Kansas state lnghway
by 4.7 years (8).

The pavement modeling for thus study 15 used for 1dentifying the
effectiveness of a slurry seal application to a flexible pavement in
the Washoe County region withrespect to time. To dociunent pave-
ment performance, the Washoe C'ounty Engineering Department uses
the MicroPAVER pavement management software system. which is
supported. mamntaned, and periodically updated by the Construction
Engmeering Research Laboratory of the U.S. Ammy Engineer
Research and Development C'enter ().

The MicroPAVER system works 1 conjunction with the ASTM
D433 mspection standard to determune and montor the PCT of a
given roadway section. The PCT rating of a roadway is based on the
observed surface distresses. The PCT rating is not a direct measure of
structural capacity. skid resistance. or road rouglness: however, it
15 an objective tool for assessing the mantenance and rehabilitation
needs of aroadway section withrespect to an entire pavement system.

The emironmental conditions of the Washoe Comty region can be
characterized as a hugh desert, which generally indicates a relatively
low annual precipitation sate, generally about 10in., butnealy all loca-
tionsin the county are below 20 in.. except for the mountamous regions
swrownding Lake Tahoe (10). Bang a lugh desert. the aea 1s subject
to relatively high summer temperatures. periodically lugher than
100°F, and generally mild wimters, usually not below (°F. However.
the region 1s subject to significant daily temperature fluctuations vary-
mg by 30°F to 40°F. but may exceed fluctuations of 45°F, between
consecutive day and mght temperatues throughowt the year (11)

EVALUATED PAVEMENT SECTIONS

To aclueve the objectives of this study. asphalt pavement sections
were 1dentified in the jusdictions of Washoe County. the city of
Reno. md the aity of Sparks. The evaluation covered pavements that
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were newly constructed and pavements that received overlays

Asphaltmixtures were generally dense-graded hot-nux asphalt with
2 0.50- or 0.75an. nonunal maximum aggregate size with AC-20,
ARA4000, or PGG4-22 vnmodified asphalt binders. Slurry seals were
designed m accordance with gmdelines contained n the Interna-
tional Sluny Surfacing Asgociation Publicahon A105 (12). In gen-
eral, emulsion asphalts consisted of latex modified catiomc quick set
with a nummnnum of 3% latex rubber by weight of the binder. follow-
mg agency requurements. The majonty of the roadways under the
county’'s direchon are classified as nunor artenals, collectors, and res-
1dential streets. The Washoe C'owuity regional funchonal dassifications
for the varous road categones are defined as follows

e Artenal

— Approxumate average daly traffic (ADT) of 10.000 and above,

— Principal artenial roads that serve major centers of achivity of
wbanized areas and in rural areas function prmanly to provide
gervice to through travel, such as onrural lughways: nunor artenal
roads interconnect with and augment principal arterals; and

— Roads that do not penetrate 1dentifiable neighborhoods and
provide connection to wrban and mural collector roads:
s (ollector:

— Approximate ADT of less than 10.000,

— Roads that provide both land access service and traffic circu-
lation m residential neighborhoods and commercial areas. and

—Roads that collect traffic from residential streets and channel
traffic into artenal roads: and
e Residential:

— Approximate ADT of less than 6.000 with a hugh percentage
of trucks (+4%) and

— Lower-volume roads that provide drect access to commercial
and industiial lands.

A total of 2,700 pavement sections were evaluated in this study.
Residential streets are by far the lughest number of pavement sec-
tions included in the study because of the high availability of such
pavements in the urban area. The pavement sections were grouped
wto the three categones listed below:

e Do-nothing—shury seal not applied to the pavement.
e Slurry seal applied munediately after construction, and
e Shury seal apphied at 1. 3. 5.7, and 9 years after construction

Only pavement sections that were slunry sealed once durig then
mtended performance life were meluded in this study. Analysis of
pavement sections that recerved multiple applications of sluny seals
was outside the scope of this study. The majority of the evaluated sluny
sealed pavement sections received the swface treatment between June
and September, wlanch is the construction season in northern Nevada.

The performance of the various pavement sections was measwred
mrelation to the PCT that agencies collect with the MicroPAVER sys-
tem All three local agenaes use the same pavement evaluation pro-
cedures and score their pavements on the same cycle (1.¢.. every other
yvear). A jomt refresher meeting 15 held every year to enswre that all
pavement stuvey teams are conduchng sumilar surveys. In addition, a
pottion of the network is periodically cross-scored by an independent
rating sowrce to make sure that ratmes are comparable between each
agency (13).

MicroPAVER divides the road network into sections on the basis
of uniform properties of the pavement and traffic conditions. Each
pavement section is further divided into wnts, and the wuts to be
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surveved in a given section are identified randomly. The average
PCTvalue of the stuveyed umits in each section is used to represent
the condition of the cofire section for the specific siuvey date.

PERFORMANCE MODELS

The PCT data collected by the owner agencies were used to develop
the performance prediclion modets for the vatious pavement cate-
gories as shown in Tables 1 and 2. The munber of sections reported
itr Tables I and 2 represents the nunber of sections identified by the
MicroPAVER systeni. Tlus indicates that multiple sections may
Iiave been located on the same road. The F* value indicates the
goodness of fit between the model and the actual data. An 12 value
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of 1.00 indicates a perfect fit between the niodel and the data, and
g B2 value of .00 indicates an extremely poor fit.

Tixe data indicate that all models have a very good fit with the
ebserved data. When multiple models for the samne data set are con-
pared, the relative quality of the models can be assessed by looking
of the s of squared residuals divided by the munber of sections
(SSR/N) and the mean square error (MSE). The lower the SSR/N
and MSE. the higher the quality of the model. For this study, the best
model for each eategory was detesmined to be the model with the
lowest SSRA and MSE.

Figuie 1 shows the performance models for pavements that have not
received shinry seals in the new construction and overlay categories,
The perfonnance data show different shapes of the performance med-
els for the varions categories of pavements. Tn general, pavements

TABLE1 Do-Nothing end Surry Sed Performance Prediction Models and S atistics for New Canstruction
Year of
Road Sturry Seal
Classification  Application  Equation Age £ N S5R MSE SSRM
Do-Nothing Perform ance Prediction Mods!
Arterizl — PCI=-0.0058 age' +0.1863 age® ~ 1 7141 age? 20 978 36 4029 1007 11.2
- 0.6472 age +99.752
Cellector — PCE=0.001 age® - 0.0312 age® + 02715 age* =20 91 33 2,453 2453 74
~ 4 4B37 age + 10077
Residential — PCI =-0.0026 age* + 00891 age® — 0.9833 ag¢’ &0 911 525 438725 528.6 236
— 0.8446 age + 99.24
Slurry Sesl Pedformance Prediction hdodel
Arterial i} PCI=-0.01 age® +0.2956 age ¥ - 2. 6491 age’ =0 984 5 511.9 2559 102.4
+ 2318 age +95.864
1 PCL=-0.0063 age* + 02053 age® ~ 1.9753 age? =1 993 & 2624 1212 437
+ 0.5229 age + 101.04
3 PCI=0.0062 age* — 0.263 age’ + 3.9034 age? =3 202 3 150.% 1509 168
- 27769 age + 154.81
5 PCE=-0.0291 age* +1.1322 age’ ~ 16.164 age? =5 842 4 1.245.1 1,248.1 3123
+B89.136 Age — B2 919
7 PCI=-0.0267 age* + 1. 1819 age’ ~ 18513 age? =7 510 8 14783 14783 124.8
+114.5 age - 148,19
9 PCI=-~0.0119 age' + 06523 age’ - 13.036 age’ &3 9 1,1154 1,1154 123.9
+105.1 age - 20478
Coltecior 0 PCI=-0.0001 age* + 0.0177 age® — 0.2608 age? 0 979 5 1,391.6 2319 278.3
~ 22817 age + 1000
1 PCI=—0.0039 age* +0.1344 age® - 1.5335 age’ a1 980 [ 807.5 4537 151.2
+2.052 age + 98 616
3 PCI = -0.0087 age® +0.3024 age® — 3.5674 age’ =3 868 g 1.066.3 5331 1185
+11.332 age + 90658
3 PCTL = -0.0084 age’ +0.3646 age® - 5.5033 age’ 25 a7 g 1,065.2 5326 1184
+27.831 age +58.078
7 PCI=-0.0195 age’ +0.878 age® — 14.307 age’ £ BS7 7 2,616.7 26167 37138
+ 93,745 age — 123.33
& PCI=-0.0397 sge' +2.0316 age® - 37.849 age’ 25 838 [ 1,963.% 1,963.9 3213
+296.55 age - 738.93
Residential 0 PCT = -0.0023 age! +0.0805 age® - 0.8721 age? 20 977 85 359336 874 463
—~ 14712 age +99.924
1 PCI=0.0044 age* — 0.123 age? + 0.3508 age? 21 983 103 52644 1815 511
- 6.0974 age + 105,24
3 PCE=0.0026 age* - 0.123 age® + 1.5781 age? =3 988 105 33220 755 316
-101x+11%.2
5 PCL=0.0060 age* - 0. 0838 age’ - 0.5742 age” 25 877 133 59118 1,1824 425
+1.7814age +111.34
7 PCI = -0.038 age* + 1.6358 age® — 25 47 age? EL 952 123 13,5715 1,233.8 110.3
+ 162 66 age —276.58
g PCI =-0.1157 age* + 5.7882 age® ~ 107.39 age’ 25 B25 48 81583 286.2 150.8

+867 71 age—2493 6
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TAELE 2  Do-Nothing and Sturry Sead Performance Prediction Modsls and Stegistics for Overlay

Year of

Road Sturry Seal

Clagsification  Application  Equation Age J:8 ) SSR MSE SSRM

Do-Hathing Performance Prediction Model

Artenal — PCI= —0.0185 age' +0.5036 age® - 4.0655 age? =20 973 34 457.4 4574 135
+3.6796 age + 98.809

Collector — PCI= -0.0004 age* +0.0099 age® — 0.2232 age? =0 959 226 1,882.6 1,882.6 8.3
—37809 age +99.192

Rusidential — PCI = -0.0048 age* +0.1177 age? - 0.9078 age* =0 907 1,548 49,0697 9.8139 26.6

- 1.9824 age +98.666

Slurry Seal Performance Predichon Model

Arterial 0 PCE=-0.0181 age® + 0.4%51 age? — 4.0048 age? 20 986 7 785.8 3934 1124
+3 5562age + 992859
1 PCI=-00128 age* + 0.3481 age® — 2.7262 age” 21 981 9 807.8 434.0 100.9
= 0A686 age + 102 81
3 PCI=-0.0182 age* + 0.5902 age® — 7.7303 age’ 23 §71 8 1,328.0 3320 166.0
+35.778 age +46.482
5 PCL=-0.05%4 age* + 2.3389 age® - 33.321 age® =5 984 9 547.6 547.6 50.8
+194.57age - 2959
7 PCI=-0.0748 age* + 1.4056 age® - 20 539 age® =7 938 6 486 948.6 158.1
+120.78 age - 153.72
§ PCI= 0.0356 age* — 1.4926 age® + 22,796 age® ) 925 8 1,2916 1,291.6 1615
~159.65 age +526.72
Coltector 0 PCI = -0.0005 age* + 0.0387 age® - 0.577% age® =0 7% 10 20518 4104 13.2
~26513 age +99.98
1 PCI = ~0.0006 age* + 0.0379 age® — 05773 apge? =1 982 i2 1,213.5 606.8 10.6
-~ 3.1878 age + 1032}
3 PCI = -0.0024 age* + 0.1387 age® - 24837 age? 23 980 15 1,463.2 316 126
+%.179 age + 91.23%
5 PCT= 0.0044 age® - 12179 age® + 4.0245 age? =5 513 19 11857 5828 156
—40.362 age +- 22573
7 PCI=-0.0481 age* + 2.0665 age® - 33.252 age? =7 958 12 1,155.0 57%.5 187
+228.1 age — 482 91
g PCI= 0.0537 age* - 2.5244 age® + 58.057 age® =9 927 13 1,056.6 5283 24.0
— 50919 age +1,726.2
Residential D PCI=-0.0041 age* + 0.1056 age® - 08448 age? =0 973 236 19731 1,731 24
=2.2707 age +99.849
1 PCL=-0.0049 age! +0.1159 age® — 0.7594 age? =1 965 242 2,784.0 2,784.0 115
—~3.6479 age + 104 28
3 PCI=-0.01%4 age® + 0.6336 age® - 7.2921 age? 23 .58 291 2.307.6 3297 7.9
+28 83 age + 63 254
5 PCI=-0.0076 age + 5.2747 age® - 341 2ge’ 25 936 295 6.130.1 1.226.0 208
+59.8706 age + 106,29
7 PCE= 0 0052 age' + 0 076 age® + 1.2761 age? 27 934 159 24530 24550 154
=33311 age +241.73
2 PCL = -0.4638 age* + 21 450 age® - 369.690 age? 28 986 7 T86.R 3834 1124

+2787.3 age — 7,682 4

i the new construction entegory tend to perforn 2 to 3 years longer
than povements 1 the ovealay category, except for residentinl strects
that did not show siguificarg difference in the performance of the two
categories, In general, vegardbess of the pavement type. fatigue aud
block eracking were the two major types of distresses that were
observed onthe evalusted pavement sections before tie application of
shyry seal ™ ormore vears after constiuction.

Figures 2 through 7 superimpose the perfomance models for
povemtents without shun: seals and pavements that received sy
seats af 0.1, 3, 5, 7. and @ vears alter conshuchon for the new con-
striction and overlsy categories and for all thres classes of roads. In
addition. Figure S shows the tncrease in Hie ingtial PCT vatue at the
time of shuyy seal application. The folfowing general trends can be
ebserved fromn the pregented data:

* Applications of the shinry seal at Years 0 and } did not show »
significont change in the shape of the performance cirve or iy the
mitial PCT value.

* Applications of the slury seal at Years 3 and & ghowed signif-
icant jumps in the PCT value at the ime of application and in the
shape of the performance cwvve for fisture years. On average. the ini-
tial PCIvalue increased by 12 points when slurry seal was applied
3 vears after construction. However, an micrease in the initial PCT
value of between 11 aud 24 points was observed for the newly con-
structed pavements when slurry seal was applied S vears after con-
struction, The increase in PCI value was more signifieant for the
residential roads, followed by the collector and arterint roads. In
the case of overtay nsphalt pavements, the increase in initial PET
value when sy seal wag applied § years after conshuetion ronged
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between 22 and 31 pounts. with the lughest increase being observed
on arterial roads.

e Applications of the slury seal at Years 7 and 9 showed sgmfi-
cant jumps 1n the PCTvalue at the tune of application coupled wath a
steeper decay m the performance curve for future years. An inarease
i the mitial PCT value between 11 and 30 points was observed for
the newly constructed pavements when shury seal was applied 7 or
9 years after constiuction. However, an increase in the initial PCT
value of between 14 and 34 points was observed for the overlay
asphalt pavements when slury seal was applied 7 or @ vears aftes
construction. For both new construction and overlay categories. the
highest mcrease in mitial PCT was observed on arterial roads.

From the performance models i Figures 2 through 7. the shury
seal performance life and extensions in pavement service life canbe
deternuned for the vartous shury seal applications. The shury seal
performance life 1s defined as the number of years for the shury seal

performance cwve to reach the PCT of the existing pavement before
treatment application. In other words, the shury seal performance
life 1s the number of years for the treated pavement section that pro-
vides a Iugher user satisfaction before the pavement retums to the
serviceability condition before treatment. The extension in pave-
ment service life is the number of additional years the pavement will
have at the end of its service life (1.e.. PCI = 40) as a result of the
application of the shury seal. In other words. the extension in pave-
ment service life is the munber of years a pavement reconstruction
15 delayed. For example, it took 2.0 years for the slury seals applied
m Year 3 of service to the newly constructed arterials fo deteriorate
from a PCT of 100 sight after treatment to the pretreatment PCT of 87
(Figure 2¢). For the same example, the treatnent extended the pave-
ment service life and delayed the tune vatil a PCT of 40 was reached
by 2.0 years (Figure 2¢). However, it took 3.0 vears for the shury seals
applied in Year 7 of service to the newly constructed arterials to
deteriorate from a PCTof 87 right after treatment to the pretreatment
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PCTof62 (Figuue 2¢). However. for the same example. the treatment
dad not extend the pavement service life: both performance curves
reached the PCT of 40 after 14.5 years (Figure 2e).

Typically. the shury seal performance life ranged from 2.0 to
4.0 years. except when applied in Years 0 and 1. When the slury seal
was applied at Years 0 and 1. the sluny seal performance life ranged
from 0.0 to 1.0 vear. In addition. the pavement service life was not
extended by application of the slunty seal except in a few cases. The
service life was extended (a) by 2.0 years for newly constructed arte-
nals with slury seal at Year 3. (b) by 0.5 to 1.5 years for overlad
collectors with shury seal at Years 5, 7. and 9: {¢) by 0.5 to 1.0 year
for overlaid residential streets with shury seal at Years 1 and 3; and
(d) by 1.0 and 0.5 years for overlaid residential streets with shury
seal at Years 5 and 9, respectively.

The aforementioned performance lives and extensions in pave-
ment service life are for single applications of sluy seal. For mul-
tiple applications of slurry. the behavior. especially the extensions
in pavement service life. is expected to be different. The focus of
this study was only on a single application of shury seal at different
times of the pavement hife.

BENEFIT-COST ANALYSIS

The next step of the analysis consisted of calculating the pavement
performance benefit of applying slurry seals at various years follow-
ing construction activities. The shurry seal performance benefit (B)
is defined as the area between the performance curves of the pave-
ment without slurry seal and the pavement with shury seal up to the
ternunal PCT of 40 as shown in Figure 9. The PCT value of 40 15 the
threshold value used by the Washoe C'onnty Engineering Department
for reconstruction. The pavement performance benefit represents the
increase in a pavement's level of service in regard to the safety and
comfort of the public caused by the application of the shury seal. as
measured by PCL

The relative benefitis defined as the ratio of the slury seal perfor-
mance benefit (B) over the area under the performance curve of the
pavement without slurry seal (4) up to the ternunal PCT of 40 (1.c..
BiA » 100). The relative benefit differs from the pavement perfor-
mance benefit in that relative benefit scales the mcerease m pavement
serviceabality from a shury seal application to be relatrve to the pave-
ment serviceability of the exishing roadway. The relative benefit can

100

PCl
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thus be viewed as the percent improvement i the serviceability of
the pavement, which is directly related to nsers™ satisfaction

In the example showninFigure 9, the application of the shuxy seal
on a newly constructed arterial after 3 years of construction created
an 8-pomt jump in the PCL a noticeable upward sluft in the perfor-
mance curve leading to a benefit value of 160, and 2 years extension
in the pavement life at the terminal PCT of 40. Looking at these data
inrelative terms. one can conclude that applying the slury seal 3 years
after construction achieved the following:

e Brouglt the pavementup to its oniginal serviceability (1.¢.. PCI=
100).

e C'reated a noticeable umprovement in the serviceability of the
pavement and therefore improved users” satisfaction by 43% (Table 3.
newly constructed arterial pavements), and

e Extended the service life of the pavement by 15% (1.¢., from 14
to 16 vears).

The cost of the shury seal (C) was estumated on the basis of the
cost figures of 2009 (1.¢., 0 years after construction) at $11.070/1ane
nule. A discount rate of 3% was deternuned on the basis of lustori-
cal 15-year records (1991-2005) for the region and that rate was used
to estimate the cost figures for the vanous years of shury seal appli-
cations. For example, the cost of shury seal applied at Year 3 after
construction will be $11.070(1 +0.03)* = $12 459 1ane nule. In gen-
eral. the longer a slunry seal 1s 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-costratio was uged to detamune the relatrve cost-effectiveness
of the shury seal treatment withrespect to varous tunes of applica-
tion. Table 3 sununanzes the benefit and cost figures for the appli-
cation of shurry seals at various vears after construction for the new
construction and overlay. Figure 10 shows the distnbutions of the
benefit, relative benefit, and benefit—ost ratios of slury seals as a
function of the vear of application for the new construction and
overlay.

For new constiuction. the highest benefit. relative benefit, and
benefit—cost ratio from a shury seal application ocewr i 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 shury seal application ocan m Years 3

888833838
b

20
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B

10 16
Years

12 14 18

AGURE 9 Bxample of pavement performance benefit.
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TABLE3 Hfectiveness of Slurry Sed for Newly Constructed and Overlay Asphalt Pavements

Year of
Surry Seal Benefit, Relanve Cost, Benefit—Cost Ratio
Traffic Application B(Area) Beneflt = 100 {$fane mile} (BIC » 1,060}
Newly Constructed Pavement
Arterial 0 328 9 11,070 3.0
1 19.2 5 11,402 18
3 160.2 43 12,459 12.9
5 455 i2 14,444 31
7 70.5 19 17,764 40
9 801 22 23178 3.5
Collector 0 19.5 4 11,670 15
1 154 3 11,402 21
3 549 12 12459 4.6
5 5.0 i5 14,444 56
7 348 g 17,764 1.9
g 413 g 23,178 1.6
Residentiat g 0.0 ¢ 11,070 0.0
1 38,4 14 11,402 51
3 2046 48 12,45% 164
5 57.3 14 14,444 40
7 47 B 13764 2.0
9 65.4 15 23,178 2.8
Ovetlay Asphalt Pavement
Arterial 0 26.7 8 11,070 24
1 1.8 1 11,402 0.2
3 1834 58 12,459 147
5 189.2 (1] 14,444 152
7 756 24 17,764 4.3
2 76,2 22 23,178 30
Collector |y} 174 5 11,070 1.6
1 143 4 11,402 13
3 863 25 12,458 69
5 718 2 14,444 5.0
7 629 18 17,764 35
5 492 14 23,178 21
KResidential ¢ 21 1 11,070 0.3
1 16.4 4 11,402 14
3 836 20 12,453 &7
5 780 19 14,444 54
7 217 7 17,764 16
9 30.6 7 23,178 1.3

and & for arterials, collectors. and residential streets as also shown in
Figure 10. On the basis of the relative beuefit and benefit—cost ratio
obiservations, user satisfaction and agency cost-effectivencss are
maxknized when shury seals are applied as follows:

* Year 3 for newly conshucted arterials and newly constrocted
restdential streets.

% Years 3 and 5 For newly conshmcted collectors. and

* Years 3 and 3 for arterials, collectors. aud residential streets
with overlays.

CONCLUSIONS AND RECOMMENDATIONS

Review of the pavement pesformance data and benefit—cost ratio of
the shurry seals as a function of the vear of application Feads to the
following concluzions md recommertdations:

* Theperformance data of shury seals analyzed for this study sup-
ported the basic engitieering principles of preventive mintenance of
asphalt pavements ag discussed betow:

~ Asphalt pavements shonld be allowed to cwe for the first
3 years before the application of any surface treatment. This is
shown by the low benefits of applying sluny seal innnediafely
after and 1 year after construction.

— A 3-year amming period of asphalt pavements will allew the
asphalt mix fo gain strength and build up its resistance to eardy
rutting and shoving. This gain is shown by the noticeable upward
shifting of the performance curve for the pavements that received
shury seals 3 years alter construction.

~ Application of sieface trestments on asphalt paveanents 3 yvears
after construction will protect the asphalt mix from excessive aging
and improve its resistance to erackang. for example, fatigue. ther-
wal. and block. This improvemtend is shown by the noticeabls
npwoard slafling of the performance cwrve for the pavements Haat
recerved shury seals 3 years after conshuction and the extension
of the pavement life at the tenuinal PCElevel of 40.

* Apphication of the slurry seal immediately: after or 1 year after
construction of thee asphalt laveris not effective for either the benefit
to vsers or the benefit-cost ratio for the agency.

* The optinnun fime to apply sluny seal depends on the type of
coustruction activity. Fornewly constructed paveents, the optiumun
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tinte to apply slusry seal is 3 years affer construction. For pavements
subpected to overlays, the optimum fime to apply sluny seal is
bebiveen 3 and 5 years after construction. However, for uniformity
purposes, itis reconunended Hhat the agency apphy shiery seal 3 years
after the construction of the asphatt bneer for boths new and overtay
constrctions.

The conclusions and reconunendations above were based on the
anafysis of asphalt pavement sections that received a single applica.
tion of shury seal during their intended performance life. #ig expected
that multiple applications of shurry seals at different times of pave-
ment life may result in a behavior different from the one observed in
this study.
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