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1. INTRODUCTION

1.1 Background

The Pennsylvania Department of Transportation (PENNDOT) is responsible for
the design, construction, operation, and maintenance of the state owned system of 40,500
miles of highways and 25,000 bridges, a system first established in 1911 linking counties
with over 8,835 miles of road networks. With the large road network and limited
financial resources, it was necessary to extend the service life of the pavements as long as
possible. Most of the pavements on this roadway network have served well under
Pennsylvania’s severe climate and generally poor soils with difficult drainage conditions.
The well-coordinated and timely performance of maintenance activities will extend the
service life of pavements.

" Application of seal coat is one of the most efficient and economical periodic
maintenance activities used for the extension of the service life of pavements. PENNDOT
have developed specifications, policies, and guidelines as well as a design method for the
maintenance purpose. In spite of all these efforts and extensive personal training, the
service life of some seal coats has been shorter than desirable, often resulting in a severe
loss of skid resistance through flushing of the surface.

PENNDOT has periodically made performance evaluations (surveys) of its seal
coat programs. Although considerable attention has been given to design procedures,
very little attention has been given to construction and traffic control variables.

In general, seal coats have experienced premature failures and a better
understanding of the effect of certain construction variables is needed to maximize the

effectiveness of seal coat as a maintenance activity.

1.2 Objectives
Surveys by PENNDOT have repeatedly shown a great deal of variability in seal

coat performance. A much more controlled set of conditions is required to evaluate the



different effects of variation in materials, construction, and/or traffic variables. This
research study was initiated to investigate the effect of selected construction and
pavement condition variables on the performance of seal coat.

The primary objective of the project was to construct and evaluate the
performance of a number of seal coat sections at The Pennsylvania State University
Pavement Facility (test track) and on a public highway in order to determine the variables
required for the durable pavement resealing works for cost efficiency and performance.

These test sections incorporated a number of construction and material variables,
including:

- Rolling patterns.

- Length of time between the application of the emulsion and the traffic.

- Severity of any rutting in the existing pavement.

- Use of the leveling course and its age before a seal coat is applied.

- Emulsion application rate.

1.3 Research Plan

Based on the literature search, construction and material related variables that
concern PENNDOT the most and that are likely to affect the seal coat performance were
identified. The study was divided into two parts: (1) a primary construction-related
variable experiment and (2) a secondary material-related variables experiment. The
PENNDOT project review panel selected the variables that were studied. The following
variables were included in the primary (construction variables) experiment:

- Number of roller passes.
- Emulsion application rate.
- Existing pavement surface characteristics.
- Time of traffic control.
The variables included in the secondary (material variables) experiment were

emulsion type, aggregate gradation, and age of the leveling course.

- e
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VARIABLES OPTION AVAILABLE CLASSIFICATION
Pavement Condition Worn, New Construction
Emulsion Type E3, E3 polymer modified Material
Emulsion Rate As selected Construction
Aggregate Type Gravel, Crushed Stone Material
Aggregate Gradation Graded, Single size | Material
Aggregate Rate As selected Material
Pre-coating of Aggregate Yes, No Material
Roller Type Pneumatic, Steel Wheel Construction
Roller Passes As selected Construction
Time Between Emulsion | As selected Construction
and Cheap Spread
Time Between Cheap | As selected Construction
Spread and Rolling
Environmental Air/Pavement Temperature, -

Humidity, Wind, Cloud
Cover

Three different aggregate spread rates were used: graded aggregate at the
Pavement Durability Facility, single-size stone at the Pavement Durability Facility, and
one, graded aggregate for Route 64. Normal construction practice was used to maintain

the fixed factors and the construction and material variables at their target levels.
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2. APPROACH
2.1 Materials

A single aggregate source and emulsion were used for the primary study at the Pavement
Durability Facility. The secondary study at Route 64 included four polymer-modified
emulsion as well as the same unmodified emulsion that was used for the primary study.
The same aggregate was used for the entire project except that a single-size gradation was

used in three test sections at the Pavement Durability Facility.

2.1.1 Emulsion

A standard E-3 (ASTM CRS-2) emulsion manufactured by Koch Asphalt was
used in the construction of all primary test sections and as a control for the polymer-
modified sections. The properties of the base asphalt cement that was used to
manufacture the E-3 emulsion are given in table 1*. Four modifiers were used in a
secondary study at Route 64 to modify the base asphalt cement.
- Neoprene, 2.8 percent.
- Styrene-butadiene-styrene from manufacturer 1, SBS-1, 2.8 percent.
- Styrene-butadiene-styrene from manufacturer 2, SBS-2, 3.0 percent.
- Styrene-butadiene-co-polymer, SBR, 2.8 percent.
The routine test properties of the emulsified asphalt, E-3, are shown in table 2, along with
the properties of the other polymer-modified emulsions. Each of these emulsions meets

the PENNDOT specification requirements for an E-3 emulsion.

2.1.2 Aggregate

The aggregate supplied to the project, selected by PENNDOT personnel is a
heterogeneous siliceous, glacial gravel produced at the Fairfield township operation of
the Lycoming Silica Sand Company. The aggregate meets the grading requirements of
TB stone that is to be used for seal coat work. The percentage of material passing the No.
200 sieve was less than 1 percent. All other specification criteria were met by this

aggregate. Data for the aggregate are shown in table 3.



*These tables are reproduced from the available data and are presented separately in
appendix B (due to extensive nature).

To provide a single-sized stone for the secondary materials experiment, a
sufficient quantity of job aggregate was scalped at a batch plant located in the State
College, Pennsylvania area to remove all materials passing the No. 4 sieve. The gradation

for the graded and single-sized stone is shown in figure 1.

2.2 Pre-construction Evaluation

The rut depths and surface texture of the pavement on the Pavement Durability
Facility were evaluated prior to the seal coat construction. The rut depths in both of the
inner and outer wheel paths were measured with a 4-ft straightedge and a scale and were
recorded in the Rut Depth Measurement table 4.

A leveling course was applied to several sections of the Pavement Durability
Facility between 1987 and 1988, as part of the primary and secondary experiment. The
surface texture of the worn and leveled sections was evaluated by visual examination. All
of the surfaces were categorized into one of the five categories listed in the PENNDOT
Seal Coat Design Method (Bulletin 27). The worn ID-2 wearing surface was classified as
a “smooth, non-porous surface”-category 2. The two leveled surfaces, though not
oxidized, were classified as a “ slightly pocked, porous, and oxidized surface”-category 4

Pavement Surface Texture Classification Categories (PENNDOT Bulletin 27) is as
follows:

Category No. Description
1 Flushed asphalt surface
2 Smooth, non-porous surface
3 Slightly porous, oxidized surface
4 Slightly pocked, porous, and oxidized surface
5 Badly pocked, porous, and oxidized surface

Rut depths were measured on straightedge and scale in the same manner as at the
Pavement Durability Facility. Measurements were obtained in the inner and outer wheel

tracks at two locations for each test section.

-
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The pavement condition survey for route 64 revealed two distinct surfaces. The
first, a 3-year old seal coat, was characterized by minor transverse cracking (the cracks
were not sealed prior to the application of the seal coat). Occasional skin patches, which
were placed prior to the construction of the 3-year-old seal coat, had caused bleeding.
The second surface condition was represented by the 1-year-old overlay. This surface
was relatively free of transverse cracking and showed no tendency for bleeding or
flushing. It was classified as a category 3 surface. The sections are identified in tables 5

and 6 according to the two surface conditions.

2.3 Seal Coat Design

The emulsion and aggregate application rates were determined using the
procedure described in the PENNDOT Bulletin No 27. Details of calculations for the
materials and conditions encountered for the project (from Bulletin No. 27) are presented
in appendix A.

The PENNDOT procedure utilizes the existing pavement condition, spread
modulus (Dso) of the aggregate, ADT, and absorption capacity of the aggregate as the .
variables necessary to calculate the application rates. Aggregate whip-off for this project
was assumed to be 10 percent.

The design was basically based on the following factors:
- Rut depth for the inner and outer wheel paths.
- Existing pavement characteristics.
- Whip off-10 percent .
- ADT.
- Bitumen-Type (emulsion).
- D50 Value.
- Loose Unit Weight.

Emulsion application rates, calculated using the PENNDOT design procedure
(Bulletin No. 27) for the condition at the Pavement Durability Facility and Route 64, are
shown in table 7. The two design conditions at the Pavement Durability Facility represent
a real field condition, where seal coat is to be applied to an old womn pavement with
intermediate sections that have received an ID-2 leveling course.

To compare PENNDOT’s design with other seal coat design procedures, several

procedures were selected from the literature and applied to the conditions at Route 64.



These procedures are described in table 8, and range from simple methods (3, 5, and 6) to
sophisticated procedures that are based on more comprehensive set of design parameters
as indicated in methods 1, 2, 4, and 7.

Three simpler procedures (method 3, 5, and 6) give unrealistic estimates of the
application rates for both the emulsion and aggregate and the results from these
procedures were discontinued. The three remaining procedures give nearly identical
application rates for the aggregate, which agreed well with the PENNDOT procedure.

The surface categories listed in the Seal Coat Mix Design manual, Bulletin No.
27, do not include categories that are specific to wom seal coats or to fresh, untrafficked
leveling courses. In fact, Bulletin No. 27 does not make any specific reference to seal
coat surfaces or seal coat surfaces in different states of wear and/or degree of flushing. A
comparison of the PENNDOT design procedures with the other design procedures
suggests that the PENNDOT procedure may result in slightly high emulsion application
rates. »

PENNDOT selected the aggregate spread rate used at the test site on the basis of
local practice with the aggregate. This resulted in a spread rate less than the design value
obtained from the PENNDOT design procedure. Thus, the application rate for the

emulsion and the aggregate was based upon local experience with the job aggregate.

2.4 Construction Activity

During the construction at the Pavement Durability Facility and Route 64, several
construction activities were documented including: the aggregate application rate,
emulsion application rate, quantity of whip-off of aggregate, and the environmental
conditions during the construction. Documented comstruction activities included the
number of roller passes and the time between the emulsion and chip application and
between chip application and rolling activities. All construction activities and equipment
calibration were done under the control of PENNDOT personnel. No attempt was made
to alter the normal construction technique and the experimental procedure of the project

was designed to minimize any disturbance to the normal construction procedures.
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2.4.1 Emulsion Application Rate

The emulsion application rate for the Pavement Durability Facility and Route 64
was determined with two different methods: ASTM D 2995 “Standard Recommended
Practice for Determining Application Rate of Bituminous Distributors™ and a procedure
whereby fabric patches were placed on the pavement. The patch method is described as
followed:

1. A 2-by-2-ft reweighed, geo-textile patch was placed on the pavement surface

prior to the application of the emulsion.

2. Immediately after the application of the emulsion, but before the spreading of
the aggregate, the fabric was carefully removed and placed in a pre-weighed
plastic trash bag.

3. The trash bag containing the emulsion soaked fabric was returned to the

laboratory, opened and placed in an oven at 140° F for 24 to 48 hrs. to allow
evaporation of water.

4. The asphalt-soaked fabric and the trash bag were weighed and the quantity of
emulsion in gallons-per-square-yard was calculated using the water content of
the emulsion and the specific gravity of the emulsion.

The geo-textile patch method offers a simple easy-to-perform procedure for
determining the emulsion application rate (see table 9). It has the drawback that it cannot
be readily used to determine the variation in application rate across the width of the
pavement. Neither the ASTM method nor the geo-textile patch procedure is suitable as a
quality control test due to the turn-around time required to obtain the test results.

ASTM D 2995 “Standard Recommended Practice for Determining Application
Rate of Bituminous Distributors” can be used to measure the traverse uniformity of the
emulsion application rate, but it is more tedious to perform. The procedure consists of
placing a series of cotton pads across the pavement width. The pads are weighed before
and after the emulsion are applied to the pavement, and the application rates are
calculated in the same manner as for the patch method. The ASTM method was used for
six of the test sections, and results of the measurements are presented in table 10.

Statistical analyses were used to evaluate the variability and to compare the

different test sections. The results of analysis are presented in tables 11 and 12.



In summary, the variability of the emulsion application rate was quite reasonable; and the
repeatability of the geo-textile patch test is sufficient such that the test is warranted for

use as a control test as long as three or more test samples are used for each determination.

2.4.2 Aggregate Application Rate and Whip-Off

The aggregate application rate at the Pavement Durability Facility and Route 64
was determined in triplicate by the following method:

1. A 22-by-22 inch pan was placed between the wheel paths of the pavement

immediately after the emulsion was applied.

2. After the chip spreader passed over the pan, the pan was removed to the side
of the pavement.

3. The collected aggregate was transferred to a pre-weighed bucket and was
dried in an oven at 140° F £ 5° F for 24 hrs.

4. The dried aggregate was weighed and the aggregate application rate in
pounds-per-square-yards was calculated.

The results of the aggregate application rate measurements are given in table 13.
As for the emulsion application rate measurements, the measurements spanned several
test sections representing a continuous pass of the chip spreader.

The aggregate not captured by the emulsion film (and susceptible to whip off
under traffic) was estimated for each test section by the following method:

1. The test was conducted approximately 20 to 50 minutes after rolling the

aggregate, when the bulk of water in the emulsion had evaporated.

2. One square yard template was placed between the wheel paths of the test
section.

3. All loose chips within the template area were collected by carefully brooming
the pavement surface. These chips were placed in a plastic bag for transport to
the laboratory.

4. The aggregate was dried in an oven at 140° F + 5° F for 24 hr. weighed, and
the aggregate whip-off in pounds per square yard was calculated.

Tables 14 and 15 show the target and the measured aggregate application rate for
the individual test sections. Also shown in these tables is the aggregate whip-off as

I
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estimated by the brooming test. Subtracting the brooming loss from the actual aggregate
application rate results in an estimated in-place aggregate application rate.

The excess and deficiency in applied stone can be observed in the brooming loss.
The brooming loss represents the whip-off aggregate (the aggregate not firmly seated into
the emulsion film) that will be immediately lost to traffic.

2.4.3 Documentation of Construction Variables
The following construction variables were documented for each section at the
Pavement Durability Facility and Route 64:
- Number of roller passes.

- Time (in seconds) between the application of the emulsion and the
aggregate.
- Time (in seconds) between the spreading of the aggregate and rolling.

- Delay time between rolling and the application of traffic.
- Emulsion application temperature.
The above data are summarized in tables 16, 17, and 18. Similarly, at the time of
construction, the following environmental conditions were documented for each section:
- Air temperature.
- Relative humidity.
- Wind condition.
- Rain on four consecutive days beginning with one day prior to
constructiqn.

- Pavement temperature.

It was observed that the rain was not a factor in the performance of any of the seal
coat section. Overall, the construction at the Pavement Durability Facility and at the
Route 64 site proceeded very well, especially given the number of test sections and at the
Pavement Durability Facility, their short length. Except for the excessive aggregate
applied at the Pavement Durability Facility and the streaking observed for some of the
test sections, the quality of the construction was accepted given the short test sections and

the number of test variables included in the construction.
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3. PERFORMANCE EVALUATION

In order to evaluate the relative performance of sealcoat sections, the following
three experiments were performed:

- A primary experiment to evaluate the effects of design and construction
factors.

- A secondary experiment to evaluate the effects of selected modifiers, single-
sized stone, and worn leveling courses.

- An experiment on Route 64 to evaluate the effects of roller passes and of
selected modifiers exposed to field conditions.

3.1 Experiments at the Pavement Durability Facility

Four variables were included in the primary construction variable experiment.
Twenty-four test sections were required to accommodate each of the 24 variable
combinations and are summarized in table 19. Similarly, figure 2 presents a plan view of
the seal coat sections as constructed at the Pavement Durability Facility, while sections 1
through 24 contain the 24 construction variable test sections. These 24 test sections were
constructed in three groups of eight, resulting in three sections. Figure 3, 4, and 5

illustrate the method used to incorporate variables into each of the traffic section.

3.2 Secondary Material Variable Experiment

As shown in figure 2, sections 1-1 and 3-3 through S-14 were constructed as part
of the secondary material-related variable experiment. The variables included in this
experiment were emulsion type, aggregate gradation, and the age of leveling course (see
table 20). These sections were constructed on a recently constructed leveling course
except for test sections S-1, S-3, and S-4. All secondary test sections were subjected to
one roller pass except for test sections S-3 and S-13, which received three passes. A
control section containing the E-3 control emulsion was constructed to provide a more

direct comparison of the modified emulsion with the control E-3.

11



3.2 Route 64 Experiments

The experiment plan for Route 64 seal coats incorporated both construction and

material variables, including:

Emulsion type.
Number of roller passed.
Existing pavement surface condition.

Time of traffic control.

A total of 18 test sections were constructed on Route 64. The general layout is

shown in figure 6 and table 21 summarizes the variables incorporated into each test

section.

The following techniques were used to monitor the performance of the seal coat

sections at a regular interval:

Sandpatch method.
Skid resistance.
Visual evaluations.
Sterophotographs.

Geo-textiles.

The performance measurements obtained in this investigation are presented in the

appendices.

Table 22 includes a summary of the parameters that were obtained and the

frequency, number, and location of measurement for each of these techniques. This table

also summarizes the advantages and disadvantages of each technique in terms of

evaluating the performance of seal coats.

12
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4. FINDINGS ON SEAL COAT OPERATION

The different phases involved in the placement of seal coat operations could be
broken down as follows:

1. Determination of surface preparation.

2. Materials selection and specification.

3. Seal coat design (determination of emulsion application rate and aggregate
application rate).

4. Construction procedures.

5. Quality control.

6

. Post-construction evaluation.

4.1 Surface Preparation |
After the decision to apply the surface treatment has been made, one of the three
options is generally followed:
- A seal coat may be applied to the existing surface (option 1).

- A thin leveling (or scratch) course may be applied prior to applying the
seal coat (option 2).

- Aslightly thicker leveling course (or thin overlay) may be applied
exclusively as a surface treatment (option 3).

The investigation showed that option 1 should be followed unless rutting is severe
enough to create a traffic hazard or to make road maintenance difficult. Application of a
leveling course to a surface having 1-in or less of rutting did not extend the life of a seal
coat. A freshly placed leveling course generally has greater macro-texture than an older
surface. Also, because leveled surfaces are generally less stiff than older surfaces that
have been oxidized, more embedment can be expected on leveled surfaces, which implies
that the expected life of a seal coat is less on leveled surfaces.

The only failure observed on the seal coat section tested were caused due to de-
bonding between the leveling course and the underlying surface, which resulted in
shoving of the leveling course mixture. Adequate placement of a thin leveling course can
be difficult because such a small volume of material loses heat quickly and may not be

able to transfer it to the underlying surface sufficiently to insure proper bonding.

13



4.2 Materials Selection and Specification
| After the decision has been made to apply a seal coat, appropriate materials must
be selected and specified. The following aggregate characteristics are generally
considered to be important for seal coat application:

- Maximum size and gradation.

- Resistance to breakdown and wear.

The emulsion characteristics that are generally considered to be important are as

follows:
- Compatibility with the aggregate.
- Spray-ability at specified application temperature.
- Viscosity at service temperature.
- Breaking characteristics.

Adequate specifications must be established to ensure that the materials have
suitable characteristics to meet performance requirements and construction constraints.
The ﬁﬁdings of this investigation indicated that although aggregate meeting PENNDOT’s
current specification can and, in fact, did perform satisfactorily in most of the sections
tested. This extended the seal coat life and a lower incidence of seal coat failures may be
achieved if harder, larger, more uniform aggregates are used.

It can also be reasoned that seal coats constructed from larger aggregate will last
longer than those constructed using smaller stone. Because the larger aggregate has a
higher macro-texture, it will take longer for traffic to wear the aggregate to the point
when the surface of the pavement is smooth and eventually loses skid resistance. It can
also be expected that larger aggregates will not be embedded as readily as the smaller
stone (see figure 7). The drawback of using larger stone is that more emulsion is required
for adequate seal coat construction. The amount of emulsion required is roughly
proportional to the size of the aggregate. Also, larger aggregate increases the potential for
windshield breakage.

Little difference was observed in the performance of the control emulsion, E3,
and the modified emulsions. Claims for modified emulsions include better chip retention

at low temperature, improved chip retention on corners, improved resistance to bleeding,

14



and the ability to retain larger emulsion percentage without bleeding. Claims such as
improved chip retention at the intersections and on corners, especially immediately after

construction, were not studied and therefore, these claims cannot be verified.

4.3 Seal Coat Design
The design of a seal coat involves the determination of the following:
- The emulsion application rate to obtain optimum performance from a ‘

particular aggregate on a particular surface.

- The aggregate spread rate required to insure that a maximum amount
of aggregate is retained without excessive waste.

This investigation showed that the use of a proper emulsion application rate is
probably the single most important factor in determining the long-term performance of a
seal coat. Therefore, it is extremely important that the design procedure results in the best
possible estimate of the optimum emulsion application rate. Clearly, a complete review of
the steps in{folved in the design procedure is fully warranted in order to determine if any
improvement can be made.

The following steps are used to determine the emulsion application rate:

1. A gradation analysis is performed to determine the nominal aggregate absorption.

2. The pavement surface is visually rated on a scale of 1 to 5 according to its
porosity and absorption characteristics (one having the least porosity and absorption).

3. Design charts were used to determine the emulsion application rate using the
nominal size of the aggregate and the numerical rating of the surface.

4. The determined rate is then adjusted if the aggregate is considered absorptive.

The findings of the investigation showed that PENNDOT’s existing design charts
would give reasonable estimates of the most appropriate emulsion application rates for
the aggregate and surface tested.

It should be noted that, regardless of the system used, the emulsion application
rate determined from the design phase is simply an estimate. Therefore, a field check
should always be made during construction to ensure that the emulsion application rate

results in the proper film thickness for the aggregate being used and the amount of

15



expected embedment. The reason is because the actual absorption of a particular surface

cannot be exactly determined.
4.4 Construction Procedure

Except for the air and pavement temperature at the time of construction, the
construction procedures appear to have little effect on the performance of the seal tested.
Lower air and pavement temperatures reduce the aggregate retention. Based on the
observations made at the test site, they suggest that 70°F may be a more appropriate
minimum pavement and air temperature at the time of construction.

It is also observed that the number of roller passes applied with 2 pneumatic roller

does not affect the performance of the seal coat sections, nor the amount of aggregate

retained on the section, i.e., no effect on whip-off.

4.5 Quality Control

The findings clearly showed that much closer attention must be paid to the
equipment calibration in the field. It was observed that the variability between the design
and actual emulsion application rates was very significant.

Significant differences were observed between design and actual aggregate spread
rates. For aggregate spread rates in excess of the 10 percent allowed whip-off, the
aggregate was wasted. Aggregate spread rates lower than the design values resulted in
inferior seal coats.

It is suggested that the current procedures for calibrating and monitoring both
distributors and chip spreaders should be reevaluated. Distributors should be calibrated
such that, existing specification range for emulsion application rate (£10 percent of
design) is met in all cases. Similarly, chip spreaders should be calibrated to the greatest
degree possible.

In addition to improving calibration procedures, PENNDOT should attempt to
establish a field monitoring system to enable the field crew to make necessary

adjustments to the emulsion application rates as the section is being constructed.

16



4.5 Post Construction Evaluation

After construction, a series of post-construction evaluations were performed at
each site. The following post-construction evaluations were recorded for each site and
treatment:

- Stereo-photographs.

- Mean Texture Depth Testing (Sand Patch Test).

- Skid Resistance Level Testing.

- Visual examinations.

- Geo-textiles.
To obtain a proper evaluation of a seal coat, it was found that two measurements were
needed: a direct or indirect measurement of texture and a visual evaluation or description
of the pavement. The texture measurement provides a measure or indication of the
pavements frictional resistance as well as a basis for objectively comparing seal coats.

The mean texture depth was found to give the best indication of expected seal
coat life and an excellent parameter for comparing well-constructed seal coats on a
relative basis. It was also found to be the most sensitive measure of texture changes
during most of the seal coat life (Figure 8). The geo-textile used on this investigation was
found to be unsuitable for recovering seal coat samples for evaluation during the life of
the seal coat. The geo-textile could not be recovered from the pavement afier traffic was

applied, and they clearly affected the performance of the seal coat.
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S. CONCLUSIONS

Based on this work, the following conclusions may be drawn regarding the
adequacy of existing seal coat operation:

Wormn surfaces should not be leveled prior to applying a seal coat. It should not be
applied in addition to a leveling course, if a high quality mixture can be placed and
compacted properly to level the entire lane. If not, then a seal coat should be used in
addition to the leveling course. For this case, the emulsion application rate should be
determined on the basis of the surface characteristic of the leveling course.

Good seal coat can be produced using aggregates, which meet PENNDOT’s
current specification. The use of larger aggregate (1/2-in maximum size) would extend
seal coat life and reduce the incidence of seal coat failure. The existing LA Abrasion
specification of 40 percent maximum should be reduced to a maximum of 30 percent in
areas, where exposure to snow plows and street-wheeled buggy traffic is severe. _

Results shows that the modifiers used in the study did not enhanced the low
temperature performance of emulsion; similarly, modifiers had no effect on the low
temperature properties of the residue. However, their use could be continued where early
chip retention is desired. For better evaluation of the effects of modifiers on emulsion,
further testing must be done under other traffic conditions or with asphalt concrete.

Existing design charts give reasonable estimates of the most appropriate emulsion
application rates for the graded aggregate. Ten percent whip-off appeared to be an
appropriate value for determining aggregate application rates for the graded aggregate.
As recommended in the specification, zero percent whip-off should be assumed for
shoulder work. The existing method of visually rating pavement surface is inadequate. A
more objective method to rate pavement surfaces for seal coat design should be
developed.

When 8 ton pneumatic rollers are used, no more than one roller pass need be
specified for proper seal coat compaction and no more than two hours of traffic control

need be specified after construction before a seal coat is open to traffic. As far as
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possible, seal coat should only be placed when the pavement and air temperatures are 70°
F or higher.

Maximum effort must be put forth to ensure that both the distributor and the chip
spreader are properly calibrated. For the measurement of emulsion application rates, for
calibration purpose, the geo-textile patch method should be used. The practicality of
developing and using a device for measuring emulsion film thickness during construction
should be investigated.

A Mean Texture Depth (MTD) Measurement along with a visual rating to
evaluate seal coat performance should be used, and similarly, MTD measurement should
be obtained as part of the post construction evaluation. Aggregate wear rated should be
correlated to laboratory properties for use in the prediction model. The model itself

should be updated and calibrated as field data are collected.
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DETERMINATION OF EMULSION AND AGGREGATE

SPREAD RATES-TEST TRACK

PROJECT: The Design, Comstructicn, and Performance of Bituminous

Seal Coats
PROJECT NO.: 87-02
REFERENCE: PennDOT Bulletin No. 27, Appendix E

. Aggregate Gradation

The purpose of the gradation analysis is to determine the spread modulus, D,

of the aggregate gradation. Three representative samples of the job aggregate
were collected and a sieve analysis performed. The results of the analysis

are summarized in table 20. The average of the three gradations was plotted.

The Dy was determined to be 0.268 inches.

Table 20. Summary of gradation analysis
on job aggregate.

Percent Passing

Average

Sample Sample Sample Percent

Sieve No. 1 No. 2 No. 3 Passing
i/2~ 100 100 100 100
3/8" 92 86 90 89
#4 25 22 16 21
#8 10 - 8 7 8
#16 8 7 2 4
#30 8 7 2 3




iI. Loose Unit Weight of Aggregate

The loose unit weight of the job aggregate was determined in triplicate by the
procedure outlined in DTM 609. The findings are:

Sample No. 1: 90.3 1lb/cu. fr.
Sample No. 2: 90.5 lb/cu. ft.
Sample No. 3: 90.4 lb/cu. ft. _
Average loose unit weight: 90.4 lb/cu. ft.

fil. Average Daily Traffic (ADT)

For the purpose of the analysis, the ADT for the track was classified as >2000

vehicles per day.

IV. Aggregate Absorption Characteristics

The job aggregate is classified as absorptive with an absorption of 2.15

percent.

V. Surface Condition

Two distinct pavement surfaces exist at the test track: 1) the old ID2
wearing surface from Research Cycle IV and 2) the new leveling course material

applied to various locatiomns at the track. These surfaces are classified

within the context of Bulletin 27 as:

0ld ID2: "Smooth, non-porous surface”

New Scratch: "Slightly pocked, perous, and oxidized suriace®

Vi. Type of Bitumen to Use

Sxulsions will be used in the comstructiom.



D

Loose unic

ADT:

]
(4]

Abscrptive Aggregate:
Birzumen Type:
Surface Condition:

CGid IDZ:

C.268 inches {Ses EZigure 7.)
g

Smooth, non-porous

Scrateh: Siightly pocked, porous
Whip-off: Use 10 percent

Viil. Determination of Aggregate Spread Rate

The aggregate spread rate for the input variabies was determined using
"Guantity of Stone Reguired” from PennlCT Bulletin No. 27.

De = 0.268 inches and a locse unit weight = 20.4 lb/cu. £t. Zor a 10 percexn:

|
13
38
(¢

1
[+
H
(31
(1]
Q
o]
49
e
(4]

ion, a spread zate cf 22 lb/sq. yd. was determizned. (See

iX. Determination of Emuisicn Spread Rate

The emulsion spread rate for the input variables was dezermined using
*Quantity of Bitumen Required™ from PemnlCT Buliletin No. 27. Inputting the
= 0.268 inches, the two pavement conditions to be considered, and adding
.3C gal/sq. yd. to adjust for the aggregate absorptiom, the Ioliowing

exulsicn spread rates were determined. (See figure 2.)
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Figure No. 7
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Table 4.2. Emilsion application fate across pavement.
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Table 4.5. Measured agg:ega:eapplica:icnzates X
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 Table No. 17

‘Table 4. 7. Sumnary of ‘the constxucticn‘va:idbles dccunented
‘during the seal coat construction at the Pavement
quabxlzty Facility and Route 64 (continued)..
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Tabie No. 21
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