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Abstract: The study collected both design and performance data on 342 chip seal projects worth nearly $30 million that had been
completed in the Texas Department of Transportation’s Atlanta District since 1996. One hundred sixty five of these projects were emulsior
projects utilizing CRS-2P as the binder and 177 were asphalt cement projects using AC15-5TR binders. The external variables wer
minimized as Atlanta District had used the same seal coat contractor, Area Office, construction season, asphalt suppliers, and aggregate
all its districts chip seal projects for the past 12 years. The one difference in the aggregate was that the AC15-5TR used a lightweigh
aggregate that was precoated unlike the emulsion seals’ lightweight aggregate that was not precoated. Thus, the comparison of the tv
binders can be made in a very direct manner, and the results can be viewed as specific to the engineering properties of the binde
themselves without the need to qualify the conclusions based on independent parameters that could not be mathematically removed fro
the data. The study found that the emulsion chip seals performed as well as the hot asphalt cement seals and were the more cost effect
of the two alternatives. Emulsion chip seals also furnished a better long-term friction course as measured by the skid number.
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Background tion of cover aggregate, both placed on a prepared gravel or
crushed stone base.” He defined a seal coat as “a single applica-

The purpose of this research study is to identify the design andtion of asphalt binder followed by a single application of cover
construction elements that contribute to chip seal success or fail-2ggregate, both placed on an existing bituminous surface.” These
ure based on actual project performance and to conduct a Com_deﬁnitions are consistent with what is CUrrently being used by
parative analysis of various binder—aggregate combinations usedXDOT. A maintenance seal coat is identified as a preventive
during the past five years in the Texas Department of Transporta-MmaintenancePM) activity. The National Cooperative Highway
tion's (TXDOT) Atlanta District chip seal program. The analyses Research PrograitNCHRP) defined preventive maintenance as
are undertaken to determine if there are objective, quantifiable* @ Program strategy intended to arrest light deterioration, retard
differences between chip seal applied using asphalt emulsions andProgressive failures, and reduce the need for routine maintenance
those applied using hot asphalt cements. and service activitiestNCHRP 1989. On the other hand, routine
Chip seals, which are also called seal coats or surface treat-Maintenance was defined as “a program to keep pavements ... in
ments, have more than a 50 year recorded history in the Unitedg00d condition by repairing defects as they occUNCHRP
States(Jackson et al. 1990The first uses were limited to surface  1989. As a PM activity, chip seals may provide a number of
treatments as wearing courses in the construction of low-volume €nhancements to the pavement performance including sealing of
roads. Since then, maintenance chip seals have become increadb® pavement to moisture, enrichment of the surface, provide or
ingly popular due to a number of factors including increased restore adequate skid resistance, preserve existing structural
maintenance needs of existing pavements and the lack of suffi-Strength, and improve visibility for night drivingShuler 1990;
cient funds earmarked for maintenar@ackson et al. 1990In Elmore et al. 199b The planned preventive maintenance activi-
1960, McLeod provided definitions for surface treatments and ti€s are not expected to enhance the structural capacity of the
seal coat§McLeod 1960. He defined a surface treatment as “a Pavemen{MnDOT 1991; Janisch 1995
single application of asphalt binder, followed by a single applica-
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Oklahoma, 830 Van Vleet Oval, Room 162, Norman, OK 73019.

*Professor, School of Civil and Environmental Engineering, Univ. of The very early practitioners of surface treatments or chip seals
Oklahoma, 202 W. Boyd St., Room 334, Norman, OK 73019. appear to have used a purely empirical approach to their design

Note. Discqssion open _until August 1, 2005. Separate _discussions(Hanson 1935; Hank and Brown 1949; Harris 195Sealing a
must be submitted for individual papers. To extend the closing date by pavement was considered then, as it is now in many circles, an art

one month, a written request must be filed with the ASCE Managing . . . .
Editor. The manuscript for this paper was submitted for review and pos- (Connor 1984. The design of a chip seal involves the calculation

sible publication on February 20, 2003; approved on March 15, 2004. of correct amounts of a bituminous binder and a cover aggregate

This paper is part of thdournal of Transportation Engineering Vol. to be applied over a unit area of the pavement. There are two
131, No. 3, March 1, 2005. ©ASCE, ISSN 0733-947X/2005/3-229-238/ major components of chip seal design process. These are to de-
$25.00. cide the type and amount of binder and aggregate. Aggregates
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used in chip seal are expected to transfer the load to the underly- TxDOT District Binder Usage
ing surface. They should provide a good skid resistant surface 20
while it is durable against abrasion effects of the traffic as well as
resist weatheringTxDOT 1993. The TxDOT recognizes two
types of chip seal aggregates: natural aggregates, covered by Iltem
302 of TXxDOT standard specification and lightweight aggregates,
covered by Item 303TxDOT 1993. Both aggregates may be
used with and without a precoating substance.

Precoated aggregates are essentially designed to enhance the
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fied bituminous material reduces bonding problems due to pres- Kephait Convent Binders, Emulsion, Binders

ence of dust on aggregate surfaces. Good bonding can minimize

the amount of windshield cracking due to dislodged pieces of Fig. 1. Texas Department of Transportation district asphalt cement
aggregate and enhance the final quality of the pavement by pre-and emulsion usgadapted from Gransberg et 1999 ]

venting debonding between the binder and the aggregate. The
additional cost of precoated aggregates is justified in many
projects due to these benefits as well as reduced public complaintsjon, to enhance skid values of the pavement, to obtain a uniform
Another way to reduce windshield damage complaints due to |ooking surface that would improve visibility of traffic lanes and
loose aggregate is to use lightweight aggregéeps et al. 1974;  to rejuvenate dry and raveled surfa¢Epps et al. 1980; Ksaibiti
Shuler 1990 The main advantage of using lightweight aggregate et al. 1996. Chip seals have no additional load carrying capabil-
is due to their superior skid resistance values when compared tojty when applied on a surface since they are effectively one rock
natural stondGallaway and Harper 1966However, they do not  thick. However, they do affect the performance of the pavement
possess good abrasion durability like the harder rock aggregatesy increasing the life of the pavement surface as a preventive

(Epps et al. 1974 maintenance application. They protect the underlying pavement
structure against weathering effects. Chip seals are generally ef-
Use of Lightweight Aggregates fective in sealing the existing cracks on roadway surface, unless

there are indicators of heavy base distresses. Chip seal applica-

Various factors should be evaluated before making a selectiontions should be considered in low to mid-volume roads where
between lightweight and natural aggregates. Lightweight aggre-there is no significant accelerating and decelerating trégfich
gates have high skid values and are less likely to cause windshieldas in intersectionsand serious rutting or corrugation problems
cracks. However, they are more expensive than natural aggregatéJackson et al. 1990; Ksaibiti et al. 199®ne of the major dif-
and have less abrasion resistance. It is also more difficult to con-ficulties in chip seal design is the nonuniformity of the pavement.
trol gradation and lightweight aggregate has a high rate of water Almost all of the chip seal sections have patches laid at different
absorption. On the other hand, natural cover rocks provide a su-times and with different materials and bleeding and raveling sec-
perior abrasion resistance, and are less expensive. Unlike theions observed at different parts of the pavement. All of these
lightweight aggregates, they have lower skid values, are moreconditions necessitate an alteration in the binder application rate,
likely to crack windshields, and can have poor bonding perfor- which can make the design much more detailed than desired.
mance with binders due to dust and mineral propeftgps et al. However, these alterations can be performed with an experienced
1974; Shuler 1990 field crew changing the rates as required.

The TxDOT first used lightweight aggregate in chip seals in
the Abilene District where a test section was constructed in 1962
(Epps et al. 1974 Around the same time, Brownwood District  Texas Statewide Seal Coat Constructability Review
also started using it in surface treatment work. A comprehensive
study of lightweight aggregates was undertaken at the Texasin 1997, the author began a statewide review of the TxDOT seal
Transportation Institute in which the researchers evaluated thecoat program. All 25 districts were visited and over 125 test sec-
suitability of lightweight aggregate as cover stone for chip seals tions of typical chip seal projects were surveyed. The results of
and surface treatment§'TI 1981). This study indicated that  that study were published in 199&ransberg et al. 1999Gen-
“under a variety of construction and service conditions, the light- erally it was found that TxDOT districts used both emulsions and
weight material has, so far, proved to be highly successful cover hot asphalt cements. There was a bias to use emulsions on seals
aggregate for chip seals and surface treatments.” It was high-applied by TxDOT crews and the hot asphalt cements for contract
lighted that lightweight aggregate did not show potential for sig- projects(Garcia-Diaz and Cediel-Franco 1988; Gransberg et al.
nificant degradation under freeze—thaw conditions and an accel-1999. Figs. 1 illustrate the usage of the various binder options
erated freeze-thaw test in place of the specified magnesiumacross the state. Asphalt ceméAC) and emulsion usage by the
sulfate soundness test was recommended. Of particular interestlistricts is presented in Fig. 1. It lists the common AC and emul-
were the definite advantages of lightweight aggregate in minimiz- sion binder types used by the districts. The most popular AC
ing windshield breakage problems, enhancing skid resistance anchinder was found to be AC15-5TR. This is asphalt cement with a

its availability as a uniformly graded material. viscosity grade of 15AC15) and modified by the addition of 5%
tire rubber(5TR) (USACE 199). Most of these binders are used
Application of Chip Seals in combination with precoated aggregates. Asphalt cements are

most popular in hot weather construction. They provide satisfac-
Chip seals are applied to existing pavement surfaces for varioustory seals with good adhesion. CRS-2P is the most commonly
reasons: to seal the cracked surface against air and water intruused emulsion statewide. This is a catio@ rapid setting(RS)
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emulsion that has been polym@) modified (Janisch and Gail- policy. Thus, the comparison of the two binders can be made in a
lard 1998. Precoated aggregates are not normally used in combi-direct manner, and the results can be viewed as specific to the
nation with emulsions. engineering properties of the binders themselves without the need
When emulsion use is compared to the AC usage, one can se&o qualify the conclusions based on independent parameters that
that emulsions are not as commonly used as hot asphalt cementgould not be mathematically removed from the data.
Emulsions are generally preferred during cooler weather condi- The research team reviewed chip seal performance data col-
tions and when there is a possibility of rain occurring during lected by Atlanta District in its ongoing Pavement Management
construction(Holmgreen et al. 19850ne of the major concerns  Information System(PMIS) program databasé€TxDOT 2001.
with emulsion is the increased time between application and the Atlanta District uses an outside consultant to do all their PMIS
removal of traffic control on a newly sealed portion of road. Thus, scoring to both enhance the completeness of the data by ensuring
hot AC binders were often selected because traffic control could that PMIS data collection does not compete with other in-house
be removed earlier and the districts were reluctant to keep traffic work for constrained personnel resources and to ensure the objec-
waiting longer than the minimurfGransberg et al. 1999 tivity of the input data(Baker personal Communication, 2003
Table 1 shows the average statewide aggregate and binderd\dditional information was sought from the literature to aid in
rates used for different binder/aggregate combinations. It showsexplaining the meaning of both trends and comparative results.
the variable binder rates used to accommodate for the differenceThe research team made a trip to Atlanta, Tex. in June 2002 to
between the area on the wheel pati8?) and outside the WPs.  collect the data assembled by the Area Office in charge of the
This is an effort to control wheel path flushing after chip seal district chip seal program. After data reduction, the researchers
application due to the additional embedment of the aggregate indeveloped a series of project performance metrics and conducted
the binder due to traffic. a statistical analysis of project performance. The following data
were collected for each project, as available from the Atlanta

District:

Research Methodology .
The researchers approached the study by collecting both desigr
and performance data on 342 chip s&dbo referred to as “seal -«
coat”) projects worth nearly $30 million that had been completed
in TXDOT'’s Atlanta District since 1996. One hundred sixty five of
these projects were emulsion projects utilizing CRS-2P as thee
binder, while 177 were asphalt cement projects using AC15-5TR ¢
binders. The external variables were minimized as Atlanta District ¢
had used the same chip seal contractor on all its districts chip seak
projects for the past 12 years. Additionally, the same Area Office ¢
had been responsible for the district chip seal program during thee
same period providing both design and construction inspection. ¢
The asphalt binders had come from the same supplier and both
types of seals had utilized the same type and size of aggregate
from the same supplier. The one difference in the aggregate was
that unlike the emulsion seals’ aggregate, the AC15-5TR used a¢
lightweight aggregate was precoated with SS-2. All the seals hade
been shot during the same chip seal season, and a majority of

type of binder,

type of aggregate,

specifications for emulsion and asphalt cement,

average rate shot in the main lanes,

specifications for aggregate,

year of installation,

contract requirements,

contract amount,

amount of material used,

location of project,

length in feet,

length in miles,

area of main lanes shot,

area of intersections and miscellaneous locations such as
drives and turnouts shot,

average daily traffic,

visible pavement distresséshelling and/or flushing and

long term performance of underlying pavement.

The following data were collected from the PMIS database for

them were completed before July 15 of each year per district each project:

Table 1. Typical Texas Department of Transportation Binder/Aggregate Combination Ratassberg et al. 1999

Average rates for grade @./2 in,) aggregate

Binder rate Binder rate Aggregate rate on
Average on wheel path outside wheel path wheel path
daily traffic
Binder grade (vehicles/day (gallyd®) (L/m?3) (gallyd?) (L/m?3) (yd?/yd®) (m2/m3)
AC10 1228 0.28 1.52 0.28 1.52 124 136
AC15-5TR 6176 0.34 1.85 0.35 1.90 139 152
AC5 2507 0.37 2.01 0.37 2.01 126 138
ACS5 wilatex 1248 0.35 1.90 0.35 1.90 119 130
CRS-2 960 0.50 2.72 0.61 3.32 125 137
CRS-2H 170 0.59 3.21 0.68 3.70 111 121
CRS-2P 1600 0.43 2.34 0.43 2.34 125 137
Average rates for grade (%/8 in.) aggregate
AC10 2500 0.38 2.07 0.38 2.07 119 130
ACS5 w/latex 4025 0.38 2.07 0.38 2.07 109 119
CRS-2P 6130 0.44 2.39 0.44 2.39 120 131
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Table 2. Underlying Pavement Condition in Study Area Table 4. Raveling and Flushing in Study Area

Average Average Average Average Average Average Average Average
distress Average rut rut rut Average high low  Average high low  Average
Binder score RD SH DP sum pat raveling raveling raveling flushing flushing flushing
CRS-2P 95 85 357 6.0 123 6.66 094 Binder score  score  score  score  score  score
AC15-5TR  99.48 3.53 4.80 0.65 4.83 1.81 CRS-2P 0.24 0.00 0.12 1.05 0.18 0.61
AC15-5TR  0.14 0.00 0.07 0.88 0.13 0.51

« type of underlying pavement,

e percent deep and shallow rutting,

e patching percent,

* base failure percent,

* block cracking percent,

« alligator cracking percent,
 longitudinal cracking length per station,
e transverse cracking number per station,
e raveling score,

« flushing score,

e average 18 kip wheel loads,

e average annual maintenance cost,

o distress score,

* ride score,

« surface index,

» skid number, and

e pavement condition score.

The complete PMIS information was not available for all
projects. However, the pavement conditi®C) score informa-
tion was present for 150 emulsion projects and 157 asphalt ce- The PMIS data did not exactly coincide with the project data
ment projects. Skid numbefSN9 were available for 62 of the  in that there were projects that spanned more than one PMIS data
emulsion jobs and 104 of the asphalt cement jobs. So, a sufficientcollection section. Therefore, when this was the case, the high and
sample size was obtained to conduct statistically significant low values for the given PMIS ratings were recorded and a simple
analyses on both types of projects for the two major PMIS per- average of all values was also entered into the data set. Math-

As PMIS is itself is based on utility theoffxDOT 2002, using

cost index number theory is a logical choice for this type of
analysis. The method seeks to combine cost and engineering mea-
surements into a single index that can permit the direct compari-
son of two or more alternatives simultaneously and thus provide a
measure of cost effectiveness on an engineering property basis.
This theory allows the research team to compare a more expen-
sive technology with a less expensive technology to determine if
the incremental cost difference between the two alternatives is
offset by enhanced engineering performance. To account for time
value of money issues between the individual projects in the
population, the 2002 bid costs for CRS-2P, AC15-5TR, and the
aggregates were used. A hypothetical 2002 contract cost was
computed using the actual quantity data from each project multi-
plied by the 2002 unit cost for each material. Thus, the cost met-
rics are all normalized to the present value without the need to
assume a discount rate.

formance indicators. As a result, the data were divided into three ematical averages were computed for the following data items:

base populations as follows: total population data set, PC data sets
and SN data set. .

Project Performance Metrics .

The research team sought to develop as many performance mea-
sures as possible for the given data. Three types of metrics were
created. The first contains standard averages for each category of
PMIS performance ratings. The second category uses weighteck
averages based on total measures of area. These were used o
develop a better idea of how the performance measures were
actually distributed. Area weighted averages capture the saliente
physical aspect of a chip seal as it is by nature a technology based
on area of coverage design. These were needed because the At
lanta District tended to use more AC15-5TR on four lane roads °
than they used the CRS-2P. Thus, the two binders are compared
on the basis of the same physical unit. .
The final category of metrics comes from a variant of utility
theory called cost index number theoiWest and Riggs 1986

percent deep rutting,

percent shallow rutting,

sum of deep and shallow rutting percents,
patching percent,

base failure percent,

block cracking percent,

alligator cracking percent,

longitudinal cracking,

transverse cracking,

raveling score: high, low, average,
flushing score: high, low, average,
average 18 kifg8,165 kg wheel loads,
average annual maintenance cost,
distress score,

ride score,

surface index,

skid number: high, low, average, and
pavement condition score: high, low, average.

Table 5. Skid Number Score Comparison

Table 3. Traffic Conditions and Maintenance Expenditures in Study Area

Weighted Weighted

Average Average Average average average Skid
Average 18 kip Average high low  Average skid skid  number

daily Average (8,165 kg $/18 kip skid skid skid  number number cost

Binder traffic (ADT)  $/ADT axle loads ($/8,165 kg Binder number number number  mile area index
CRS-2P 1074 $88.50 322 $347.30 CRS-2P 63 44 54 54 54 1640
AC15-5TR 4060 $46.85 2908 $159.71 AC15-5TR 60 34 57 47 45 2607

232 / JOURNAL OF TRANSPORTATION ENGINEERING © ASCE / MARCH 2005



Table 6. Pavement Condition Score Comparison

Weighted Weighted
Average Average average average Pavement
high low Average pavement pavement condition

pavement pavement pavement condition condition score

condition condition condition score score cost
Binder score score score mile area index
CRS-2P 63 44 54 54 54 1640
AC15-5TR 60 34 57 47 45 2607

Discreet Metrics While there is some intangible safety benefit that might be ac-
crued from this, faster opening to traffic is really a matter of
convenience. Reducing the disruption of the traveling public re-
duces the number of complaints that must be addressed by a
everely manpower-constrained public agency. Therefore, to se-
ect a specific technology solely on the basis of its short-term
benefits effectively suboptimizes the purpose for chip seal
projects in the first place. Thus, if one product or the other can be
shown to be clearly more cost effective in the long term, then
state personnel may be more willing to deal with short term dis-
benefits to obtain long term benefits.

In this study, two PMIS data categories effectively portrayed

Discreet metrics were developed directly from the data and basi-
cally consist of mathematical averages of the PMIS information
and the cost information for each project. The study computed 27
discreet metrics from the data set. Examples of these are averag
high flushing score, average low flushing score, and project aver-
age flushing score, average cost of binder, average cost of aggre
gate, average number of square yards on main lane, etc.

Weighted Average Metrics

As previously mentioned, the use of AC15-5TR on four-lane

roads exceeded the use of CRS-2P and vice versa. As a result, th
appropriate physical parameter on which to base a comparativi
analysis is the unit of area rather than on a unit of length. The
following formulas were used to compute the weighted averages.
3SY(PG)
3SY;

where WT PG=square yard weighted average of the pavement

WT PC= (1)

gwe salient reasons for conducting chip seal operations in the first

lace. The first is the PC score, and the second is the SN. The PC
is computed using a utility theory algorithm and is a function of
distress scoréDS), RS, average daily traffiCADT), and speed
limit. It serves as an indicator of the need to perform maintenance
on a given pavement. The DS for asphalt pavements is computed
using the following equatioiTxDOT 2002:

DS= :I-OqUSRut>< UDRut>< UPat(:h>< UFail X UBIock X UAlg

condition score; S¥=area in square yards of projedt “(1 yc?
=0.836 nf); and PG=pavement condition score of projedt™
3SYi(SN)
3SY,
where WT SN=square yard weighted average of the skid num-

ber; SY=area in square yards of projedt’ “(1 yd?=0.836 n?);
and SN=skid number of projecti:” Twelve weighted average

X ULCrack>< UTcrack) (3)

where DS=distress scord))sg,= utility value for shallow rutting;
Upe=utility value for deep rutting;Upg=utility value for
patching;Ug ;= utility value for failures;Ug,q=utility value for

block cracking; Upg=utility value for alligator cracking;

U crag=utility  value  for  longitudinal  cracking; and
Urerag= Utility value for transverse cracking.

It should be noted that ravelingshelling and flushing are not
included in the DS as they have no utility factors in PMIS. It is
also must be noted that PC score is influenced by road roughness
which would yield a lower score for pavements covered by chip

The purpose for developing cost index numbers is to permit a Seals using a coarser aggregate. However, all the projects in the
direct comparison of a more expensive technical system, in thissample population utilized the same aggregate gradation. Thus,
case, AC15-5TR with precoated lightweight aggregate, to a lessthis is not a factor in this analysis. The PC score is computed

expensive system, CRS-2P with nonprecoated aggregate that i$ising the following equation:

designed to perform the same technical purpose. In effect, it is an

objective method to measure how much “bang” TxDOT is getting PC = DSX Ugige 4

for its chip seal “buck.” During the statewide constructability re- \ynere PG-pavement condition scoréf’xDOT manuals use the
view, the authors found two pavement maintenance philosophies.gppreviation C§ DS=distress score; andg;g.= utility value for

One espoused sealing as many lane miles each year as possiblgqe quality(based on serviceability index, ADT, and speed ljimit
using a less expensive chip seal system on the idea that any seal 4 eyaluate the impact of binder selection on pavement con-
would effectively extend the life of the pavement and thereby gition, a cost index number was developed to measure the cost of
reduce overall system life cycle cost. The other approach main-gach pavement condition score point. The metric will be called

tained that the use of the best quality chip seal system was war-he pavement Condition Cost Index and is shown in the following
ranted to ensure a good surface wearing course and minimize theequations:

need for spot seals and other routine maintenance.

The other reason for developing these types of metrics is to
address the cost/technical tradeoff issue between the two prod-
ucts. One major attraction is hot asphalt cement’s ability to open
a newly sealed road to traffic more quickly than emulsion seals. and

WT SN = (2)

i
metrics were computed in this study. See Tables 2—6 for details.

Cost Index Number Metrics

TC
Ave PG

PCC|= (5)
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3 PCC| additional loadHuang 1993. Thus, the relationship between traf-

PCCk= TP (6) fic load and maintenance cost would not be linear. Table 3 shows
. that the average cost for emulsion chip sealing per A®ADT)
where PCCGl=pavement condition cost index of project”;* and per 18 kip(8,165 kg wheel load($/18 K) are about twice
Ave PG=average pavement condition score of project; *  the cost of asphalt cement. Nevertheless, one would expect that

TC=total cost of project i"; PCClg=pavement condition cost  given the facts of Table 2 above, that maintenance costs would be
index binder B”; and TR;=total number of projects using binder  higher on the emulsion roads as they are placed on pavement
“B.” sections with greater inherent distress. Additionally, as the AC15-
The second cost index seeks to measure the cost effectivenessTRr is used on higher ADT roads, one would presume that those
of each binder in creating a good friction course and will be highways would also have a higher priority for maintenance fund-
called the skid number cost index. A recent report by the TXDOT ng.
Construction DivisionTxDOT 2007 states: “FM(farm to mar- The next pavement condition issue deals directly with the per-
ket) roads are typically surfaced with high-macrotexture seal formance of the chip seals themselves with regard to raveling
coats which give higher skid scores than roads surfaced with hot-(aso called shellingand flushing(also called bleeding Table 4
mix asphalt or Portland cement concrete.” shows the average PMIS scores for both conditions. These dis-
In this study, sampled chip seal projects were not confined to tresses are optional ratings and are rated as none, low, medium,
FM roads but included any surface that was covered by a chip and high with corresponding values of 0, 1, 2, and 3, respectively,
seal. Thus, analyzing SN is extremely valuable to determine thej, the PMIS systen{TxDOT 200J). Table 4 shows that while
extent to which this technology is achieving one of its design emulsion seals have both a higher average raveling S¢ore
purposes, the development of a friction course on the road's sur-ray) and flushing scoréAve FL) that both are less than one
face. The following equations are used to complete this analysis:\yhich indicates that on average less than 10% of the road's sur-

TC face is either raveled or flushed. Therefore it seems that no spe-
i

SNCI = 7) cific conclusion can be drawn between the two binders with re-
Ave SN gard to the major chip seal distresses. However, one can say that
and the use of chip seals appears to be quite effective in the Atlanta
District and that the majority of the sealed lane miles have been
3SNC| effectively sealed. This is an especially important conclusion as it
SNClg = TP ) sets the foundation on which to compare skid resistance between
8 the two binders and overall pavement condition after sealing. If a
where SNCl=skid number cost index of projecti”; Ave high degree of flushing had been present in either of the binder
SN,=average skid number score of projett “TC;=total cost of types, it would have skewed the skid score and a correction would
project ‘i”; SNClg=skid number cost index binderB"; and have had to be made to account for this issue. As the flushing and
TPg=total number of projects using bindeB.” raveling scores for both the binders types are roughly equal and in

the “none to low” score range, the comparison of binder perfor-

mance can be made directly.
Results of Quantitative Comparative Analysis This leads to the discussion of skid resistance as measured by

the SN. The TxDOT report “Managing Texas pavements”
The first step is to measure the quality of the pavements that lie (TXxDOT 2002 states(emphasis added by the authors
under the chip seals to establish if there is a relationship between “The skid score does not indicate the stopping characteristic of
the structural pavement and the performance of the seals. As nei- any one vehicle, driver, or climatic condition, buts useful to
ther asphalt cement nor emulsion chip seals are structural in na- engineers in evaluation of surface friction propertefsaggre-
ture, the PMIS data relating to distress score, rut depth, and patch- gate types, asphalt mix design, and pavement construction
ing are the best measure of the condition of the underlying  methods. Although higher skid scores are preferable to lower
pavement$TxDOT 200]). Examination of Table 2 shows that the skid scores, it is not possible to select a single value which can
emulsion seals are being placed on roads that are more heavily be considered adequate for all sites and traffic conditions.”
rutted and that have a lower distress score meaning that they are Table 5 shows the results of the analysis for the three types of
less structurally sound. The hot asphalt seals are placed on roadsetrics in this category. It can be seen that emulsion chip seals
with more patching, and the two types of binders are over roads have consistently higher SNs regardless of the way in which the
with roughly equal ride scores. SN-related metric was computed. The average high SN, average

The second step is to examine if there are any differences inlow SN, overall average SN, and square yard weighted average

the traffic conditions and maintenance expenditures that might SN was higher for emulsion projects than AC projects. Some of
impact the performance of the seals. During the interview with this SN difference can be possibly be explained as being due to
Atlanta District personnel, they indicated that they tend to use the the higher traffic that is experienced on the roads with hot AC
AC15-5TR on the higher ADT roads and the CRS-2P on the less seals detailed in Table 3. The remainder is probably due to the use
traveled roads. Inspection of Table 3 confirms that fact with the on precoated lightweight aggregate in the hot AC seals. Gallaway
hot asphalt cement projects being applied on roads with an aver-found that lightweight aggregates abrade as they wear rather than
age of four times the traffic of the of the roads that receive an polish, and this characteristic accounts for their superior frictional
emulsion chip seal. It also shows that the AC15-5TR roads expe-characteristics when compared to natural sté@allaway and
rience nearly nine times more equivalent 18 Kki®,165 kg Harper, 196% Precoating this very porous material must decrease
equivalent single axle loads which would lead one to infer that its skid resistance as compared to aggregate that has not been
truck traffic is heavier on those roads with hot asphalt cement precoated. It must be noted that this result with respect to relative
chip seals. The additional traffic would normally coincide with a SNs is purely a function of the lightweight aggregate and should
heavier pavement structural cross section to accommodate thenot be imputed to seals that use natural aggregate as cover stone.
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Average Skid Number vs. ADT must be tempered by the fact that the hot asphalt cement chip
CRS-2P seals tended to be applied to higher volume roads with a greater

= -0.0855
; 100 ‘ ;2:.%‘;.02411; +56.797 ;;2_._.9:,:3332 number of equivalent 18 kif8,165 kg wheel loads. _ _
£ 80— - Because it would seem that there must be a relationship be-
2 gl M oSV S ) tween traffic volume and PMIS average scores, this possibility
2 s%.%‘t’—* o= must be analyzed. Intuitively, one would assume that some direct
9N 40 : o ‘oo . e ————3 . . . . .
[ | so07@ ¢ o o ° relationship should exist between higher traffic levels and lower
g 20 1 e s pavement condition and skid scores. This might then translate to
< ol o i ] i ‘ higher expenditures for annual maintenance and subsequently
0 1,000 2,000 3,000 4,000 5,000 more costly chip seals. The research team chose to search for
ADT (Vehicle per day) these relationships graphically. Average skid number, average
pavement condition score, average annual maintenance cost, and
Average Skid Number vs ADT the total cost in dollars per square yard were all graphed against
AC15-5TR ascending average daily traffi@DT) for each type of binder.
5 100 ;:_-%‘:g;x +50.198 ;:_Sﬂ;z""m Fig._2 illustrates the graphical relat?onships between the aver-
- *\ =5 . e age skid number ar_ld ADT for each binder. It can be easily seen
3 6 | . . . . e that other than a slight downward trend as ADT increases, there
2 PR N AT ST S o o appears to be no direct mathematical relationship between these
® 40 f e v e % . ¥ e o T two parameters. Both linear and nonlinear regression analysis
g€ 20 —— were tried to determine if the downward trend was significant.
5 0- : : . . HoweverR-squared values in both cases of less that 0.2 show that
0 1,000 2,000 3,000 4,000 5,000 neither approach was able to closely fit the field data. Therefore, it
ADT (Vehicles per Day) must be concluded that while it might seem intuitive to attribute a

) ) ) ) _ correlation between skid number and ADT, there is no such math-
Fig. 2. Relationship between average skid number and average dailygmagical relationship. The same approach was used to test for
traffic with linear and nonlinear regression results possible relationships between ADT and the three other param-
eters: average pavement condition score, average maintenance
cost, and total unit cost. Again no clear trend was found to exist
between these variables and ADT.

Another way to assess the impact of traffic volume on PMIS

(SNCI) that seeks to measure the “bang for the buck” aspects of average scores between the two types of binders_ is to compare the
the two processes. The SNCI for emulsions is half the number for MErics at the same ADT levels for both categories. A look at the
the hot asphalt cement. This leads one to infer that the use of CRS-2P shows that for the SN data set, maximum ADT is 4,930
emulsion chip seals as a means to deliver a friction course with Vehicles per day, and for the pavement condition score data set,
good skid resistance is much more cost effective than the use ofth® maximum ADT is 8,130 vehicles per day. Selecting all the
AC15-5TR. This is particularly illustrative in light of the fact that AC15-5TR projects with ADT's less than these two respective
emulsions are generally used on roads that are in worse underlyADT'S eliminates those roads from the comparison with much
ing condition than the ones on which hot asphalt seals are applied higher traffic volumes. The AC15-5TR data set has ADT volumes
Again, the use of a binder that does not require precoated aggrelP t0 19,300 vehicles per day. Table 7 contains the results of
gate to attain adequate adhesion eliminate one element of cost an§omparing the two binders on average skid number and average
enhances the cost effectiveness of the emulsion seals. The ravelPavement condition score. It is evident that very little has changed
ing and shelling results shown in Table 4 indicate that emulsions from the numbers shown in Tables 5 and 6. The average SN for
perform about as well as hot asphalts after placement. AC15-5TR increased two points. The corresponding average PC
The final direct comparison utilizes the PMIS pavement con- dropped one point.
dition (PO score. This seeks to measure the current condition of ~ Finally, the two binders should be compared on equal service
the pavement. Table 6 outlines the results of the analysis. One carlife terms to ascertain if there is a detectable change in perfor-
see that the two binders are pretty much equal in all metrics mance as the chip seal ages. To this end, the data was arranged by
except the pavement condition cost indéXCCI). The square  Yyear of construction. Table 8 shows the results of comparison of
yard weighted average pavement condition shows the AC15-5TRprojects constructed in the same year. The reader must be careful
to be slightly better in terms of overall performance than the to not read any type of trend into these results as the projects are
CRTS-2P, but when the PCCI is considered, that advantage ap-all different roads with different levels of traffic and underlying
pears to be at about a 30% cost index premium. This conclusionconditions. This thought is best illustrated by looking at the

Additionally, this characteristic should not be construed to any
inherent engineering property of the emulsion binder
Most telling of all the metrics is the skid number cost index

Table 7. Skid Number and Pavement Condition Score Comparison at Equal Average Daily Traffic

CRS-2P AC15-5TR
Average Average
Average Projects pavement Projects Average Projects pavement Projects
skid in condition in skid in condition in
number sample score sample number sample score sample
54 90 87 150 49 67 87 128
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Table 8. Skid Number and Pavement Condition Averages by Project
Year

Average
skid number Average pavement condition score
Project year CRS-2P AC15-4TR CRS-2P AC15-4TR
1997 57 48 76 85
1998 57 42 88 94
1999 44 45 86 89
2000 50 a7 90 92
2001 52 51 84 83

Pavement Condition Cost Index by Year

mCRS-2P |
8 AC155TR|

1997

1999
Project year

2000 2001

Fig. 4. Pavement condition cost index comparison by project year

change in average SN and average PC between the 1999 projects
and the projects in 1998 and 2000.

If one were looking for a trend, it would seem that SN’s on
CRS-2P projects go down and back up over time. This is not the
case as the projects in each year group in the table are different
projects constructed in each year not a set of annual measure-
ments on a single set of projects. So Table 8 must be interpreted
on a comparative basis between the two binders in each project3
year category. It is interesting to note that the relative differences
in SN'’s becomes greater in year groups 1997 and 1998 than in the
more recent year groups. The emulsion projects seem to have a
better ability to retain their higher SN over time than do the
AC15-5TR projects. With regard to PC, it seems that the reverse 4.
it true. Average PCs seem to be roughly equal in the more recent
year groups with a significant difference occurring in the later
year groups.

As the SNCI and PCCI seem to be the significant metrics in
this analysis the average SNCI and PCCI is then computed for all
the projects in each year group. Figs. 3 and 4 illustrate a compari-
son on a year-by-year basis. One can see that the relative differ-
ences between the two are roughly the same as the same metrics
calculated for the entire population as tabulated in Table 8.

Conclusions

The following conclusions can be drawn from the above analysis. 5

1. The Atlanta District’s policy to use AC15-5TR hot asphalt
cement chip seals on high volume roads and CRS-2P emul-
sion chip seals on lower volume roads is being followed. The
roads in these two binder categories were skewed as ex-
pected with regard to average daily traffic. The use of the hot
AC binders on the higher volume roads is primarily due to g
the faster curing timéi.e., reduced traffic control perip@nd

Skid Number Cost index by Year

1998

1999
Project Year

Fig. 3. Skid number cost index comparison by project year

indicates the District's higher confidence in that system’s
probability to be successfully applie@®aker, private com-
munication 2003

Because the emulsions were generally used on the lower vol-
ume roads, those roads were generally in poorer condition
with regard to rutting, cracking, and as measured by the
PMIS distress score.

Loss of aggregate after sealifrgveling or shellingis not a
problem for either binder type as the average PMIS raveling
score is less than 1 in both cases. A rating of 1 corresponds to
low, which is less than 10% of the road’s surface affected.
The same conclusion can be reached for flushing.

The average distress score for emulsions was roughly 4%
worse than that of hot asphalt cements, and there was about
38% more rutting as measured by the average sum of the
rutting scores. However, the emulsion’s average pavement
condition score was only 2% lower than the AC15-5TR.
Therefore, even though the roads’ surfaces were in worse
condition, the overall pavement condition was not propor-
tionately worse. This is not to infer that some engineering
property of the emulsion chip seals is responsible for retard-
ing pavement degradation. However, since the PMIS pave-
ment condition score is computed by multiplying the distress
score by the utility value for ride quality, it does indicate that
the use of the emulsion binder has a positive effect on the
ride quality score.

The CRS-2P pavement condition cost index was 949, and the
AC15-5TR PCCI was 1281. This index was developed to
measure the cost impact of pavement condition. The result
shows that it costs less to maintain a unit of pavement con-
dition score with the emulsions than it does with the hot
asphalt cement binder.

When the binders were compared on a basis of the cost ver-
sus traffic volume, hot AC seals furnished the lower cost per
unit of annual daily traffic. This conclusion combined with
conclusion 5 above validates the Atlanta District policy with
regard to the use of the two binders detailed in conclusion 1
above.

The same conclusion as conclusion 5 can be drawn with the
skid number cost index. The SNCIs were 1,640 and 2,607 for
emulsions and asphalt cements, respectively. Thus, it costs
less to maintain a friction course as measured by the skid
number with emulsions.

The CRS-2P emulsion chip seals appear to be the more cost
effective of the two alternatives. Even though the emulsion
chip seals are generally used on roads that are in poorer
condition, the result was a surface that on average had higher
skid resistance and a marginally better ride quality at a lower
total cost. Over 30 metrics were used to compare the two
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binders. Significant differences were found as discussed Uy = utility value for failures;

above. U crack = utility value for longitudinal cracking;
It should be noted that the results with regard to chip seal  Upgen = utility value for patching;

performance are a testimony to the quality of the Atlanta Dis- Urige = utility value for ride quality;
trict's execution of its chip seal prografsransberg et al. 1999 Ugryt = utility value for shallow rutting;
It also validates the most significant finding of the statewide chip U = utility value for transverse cracking;
seal constructability review. That review indicated that chip seal WP = wheel path;
performance was a function of the experience of the state and WT PC = square yard weighted average of pavement
contractor personnel involved and that consistently using the condition score; and

same approach to chip seal operations furnishes the long-term WT SN = square yard weighted average of skid number.
benefit of enhanced performance of those projects.
In summary, it can be concluded that when compared on a
basis of equal traffic conditions, the emulsion chips seals per- References
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