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treatment on base used as a wearing surface. In Texas, a prime coat is used as a transition
layer to ensure bonding of the base and the surface treatment wearing course. A onecourse surface treatment is constructed by spraying asphalt binder on the primed base
surface followed by spreading aggregates (rocks). The aggregate layer is then rolled,
typically using a pneumatic roller, to seat the rock in the asphalt. Typically two courses
are needed.

Flexible or Stabilized Base

Subgrade

Figure 1 Schematic of a Pavement with Surface Treatment as Wearing Course
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Surface Treatment as Interlayer (Undersea!)
When a surface treatment is constructed on base to be used as an undersea! (or
interlayer), it is covered by another structural layer, typically hot mix asphalt concrete
(HMAC). Figure 2 illustrates a pavement with a surface treatment undersea! constructed
on base.

Flexible or Stabilized Base
Prime
Subqrade
Figure 2 Schematic of a Pavement with Surface Treatment as Undersea!

Types of Surface Treatment Wearing Courses
A one-course surface treatment wearing surface is incapable of effectively servicing a
roadway for an extended period. Therefore, multiple-course surface treatments such as
two-course and three-course surface treatments are typically used in wearing surfaces.
Figures 3 and 4 illustrate two-course and three-course surface treatments respectively.

~ 2-Course Surface Treatment (2-CST)

Flexible or Stabilized Base

Suborade
Figure 3 Schematic of a Two-Course Surface Treatment as Wearing Surface

The traffic level, usually expressed by Average Daily Traffic (ADT) of the highway
section, is the most widely used project selection criterion. This is followed by, possibly
in the order of decreasing use, highway location (urban or rural), percent trucks on the
highway, funds available for construction and the highway functional classification. Less
often used project election criteria include the nature of traffic control plan needed,
characteristics of the existing pavement (surface, etc.) and the presence of turning traffic.
Successful past experience with surface treatment wearing surfaces indicate they can be
effectively used in highways with ADT values up to 5,000. It has been reported that
surface treatments have been successfully used in highways with ADT values as high as
12,000 in a few cases.
Approximately 40-45 percent of roadbed miles statewide have an ADT of less than 1000
and another 14% has ADT values between 1000 and 2000. This shows that over 50% of
statewide roadbed miles could easily be potential candidates for surface treatments. If
sufficient funds are available, most highway agencies would like to use HMAC instead of
surface treatments as a wearing course. However, surface treatments can be an effective
option when considering pavement performance and life-cycle cost.
Pavements with surface treatments as wearing surfaces are considered to generate higher
levels of traffic noise compared to hot mix asphalt. However, research has shown that
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The penetration of the prime coat into base is very important to get the maximum benefit
from the prime coat. The amount of penetration would depend on a number of factors
including the prime coating method, prime coat binder, base material, base finishing
technique and the porosity of the base course. Typical penetration of a sprayed cutback
prime could be in the range of 1/8-3/8 inches. Figure 5 shows a schematic of prime coat
penetration into the base layer. The picture in the inset shows the penetration of an MC30 prime for a specimen prepared in a laboratory.
There is usually a time lag between the completion of base layer construction and the
application of surface treatment. A well-applied prime coat can protect the base layer
from adverse weather conditions and from wear due to construction and regular traffic
until the surface treatment is applied. It can also either prevent or slow down the
formation of dust on the surface that will have a serious negative impact on the bonding
ofbinder to base.
The design of prime coat includes the following elements.
1. Selection of an appropriate prime coat method
2. Selection of a prime coat binder type and an application rate
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Figure 5 Schematic Showing Prime Coat Penetration into Base with Picture in Inset
Showing Actual Penetration in Laboratory Compacted Limestone Base

The selection of the prime coat type to use for surface treatments depends on several
factors including the following.
1. Past experience
2. Availability of a contractor pool with expertise in prime coat type
3. Traffic control plan during construction

Figure 6 Spray Prime (a) MC-30 Cutback Prime (b) Blotting Sand Applied on Prime
Worked-in Prime
Figure 7 shows a worked-in prime coat application where diluted emulsified asphalt is
sprayed on the finished base, which is then covered with a thin coating of fine base
material dust working the windrow with the motor grader. This process is usually
repeated 2-3 times to get a total emulsion application rate of 0.2 gallons per square yard.
The emulsions commonly used for this purpose are SS-1, CSS-1 h and MS-2. This leaves

before the other half of the roadway is primed. This type of a prime can provide 2-3
months of satisfactory service as a very temporary wearing course under favorable traffic
conditions including little or no turning traffic or heavy traffic.

Figure 8 Covered (or inverted) Prime Using RC-250 and Grade 5 Rock

The aggregate rate used for a surface treatment course is an important part of the surface
treatment rate design, and it is often the first item that is designed. The selection of
aggregate grade and rates for a I-CST would be similar to that of a preventive
maintenance seal coat. The generally accepted practice is to leave sufficient room (i.e.
15-25% in plan view) between rock particles so that they can 'wiggle' and settle to the
most stable position when rolled. A 'Board Test' is used by some districts to help
determine the rock rate. The board test uses a I yard by l yard board on which aggregate
is spread to the required coverage level, and then determines the application rate by using
the calculation method outlined in the TxDOT Seal Coat and Surface Treatment Manual
(2004).
Typically, a correction has to be made to the rock rate determined using the board test to
suit field conditions. The key is to avoid over-application of stone. If 'too much' rock is
applied, rock particles may not be seated in a stable manner, and result in rock loss due to
lack of embedment.
When multiple-course surface treatments are designed, the aggregate rates and grades
used for the upper courses are generally selected based on experience. Figure 9
illustrates two commonly used aggregate combinations for 2-CST. Of the two grade
combinations shown, Figure 9(a) which has grade 3 rock overlaid by grade 4 rock is the
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most commonly used combination. Figure 9(b) shows grade 4 rock overlaid by grade 3
rock. This is typically used in a highway with low ADT.

(a)

(b)

Figure 9 Aggregate Grade Combinations Used in 2-CST (a) Grade 4 on Grade 3 (b)
Grade 3 on Grade 4

Figure 10. Aggregate Grade Combinations Used in 3-CST (a) Grade 5 on Grade 4 on
Grade 3 (b) Grade 4 on Grade 4 on Grade 3 (c) Grade 4 on Grade 3 on Grade 5.

The commonly used cool weather asphalts used by districts in surface treatment
construction are listed below. The emulsion grade CRS-IP is the most commonly used
cool weather ST binder, followed by AC-5 and AC-12 5TR.
•
•
•
•
•
•

CRS-IP (typically a winter application binder during coJdest months)
CRS-2P (typically a cool/warm weather application binder)
AC-5
AC-12 5TR
AC IO+Latex
AC 5+Latex
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1.
2.
3.
4.

Binder type and grade
Aggregate type, source and grade
Traffic level (ADT and percent trucks)
Type base material and base finish specified

Once the contract is awarded, the binder rate specified in the plans has to be adjusted by
an experienced surface treatment professional by considering the following factors in
addition to those indicated above:
1. Contractor experience with the material
2. Climatic conditions during construction
3. Condition of the surface on which the surface treatment is applied
The binder rate design in seal coats is closely related to the desired percent embedment of
aggregate into the binder. Typically, a 30% embedment is used for high traffic volume
roads and a 40% embedment is recommended for low traffic roads. The design percent
embedment depends on the following factors:
1. Binder type and grade
2. Aggregate type and grade
3. Traffic level (both ADT and percent trucks)
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1. Finished base layer
2. Primed base
3. Finished surface treatment before traffic is allowed on it
Finish quality can be used either as a job acceptance criterion or to introduce
bonus/penalty clauses to a contract. The quality is typically specified using IRI per unit
length of pavement (typically a mile or 1/10 of a mile) for each wheel path.
Preliminary finish quality specifications written for finished base used IRI values in the
range 120 to 125 per mile. Recent studies conducted by several districts on projects
constructed by experienced contractors suggest that IRI values as low as the following
can be achieved. However, the specification value for IRI has to be determined based on
the capabilities of the average contractor pool in the district.
•
•

60-90 inches per mile on finished base
80-110 inches per mile on covered (or inverted) prime or first course of surface
treatment
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The construction management process plays a very important role in the performance of
surface treatment. Surface treatments are generally a part of a larger contract that
involves other "high dollar value" construction elements. This can sometimes lead to a
situation where the surface treatment may not get the "attention" it deserves from the
prime contractor. In some contracts, the surface treatment portion of the work in a larger
contract may be subcontracted to a specialist surface treatment contractor. This is a very
desirable arrangement from the TxDOT standpoint because of the value of contractor
experience in constructing a quality surface treatment. However, the final quality of the
product will depend greatly on the subcontractor's expertise and experience with the
conditions. The specification writer can introduce language to ensure that whoever does
the surface treatment work will have personnel who can ensure good decision making
and quality workmanship.
The contractor-related factors that strongly influence surface treatment quality, in no
particular order, include the following:
•
•
•
•
•

Contractor's expertise and experience under job conditions
Contractor familiarity with materials used (the binder in particular).
Contractor or subcontractor mobilizing in a timely manner
Contractor's job site manager's experience
Skill of key equipment operators (e.g. Base finishing skills of motor grader
operator)

Research Product 0-5169-P2

Page 18 of31

pneumatic roller is used first, followed by the steel-wheel roller. The kneading action of
the pneumatic roller helps the initial rolling to even-out the bladed surface. The steelwheel roller helps to get an even and less rocky surface before the prime coat is applied.
There are three commonly used base finishing methods.
1. Slush rolling
2. Blade and roll
3. Trimming
Slush Rolling

Slush rolling has been commonly used in base finishing. However, this base finishing
technique varies among districts depending on the amount of water used. Some districts
use little water, whereas others use a lot of water.
Slush rolling with excessive water can create an undesirable base in the pavement. Using
excessive amounts ofwater, as some districts have done, can weaken the base
significantly, first by trapping the water in the base and then by altering the gradation of
the base due to the pumping of fines to the top.
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Furthermore, excessive slush rolling can buildup a layer of fines on the top of base that
will hinder the penetration of prime coat and the prime can de-bond from the base easily.
Therefore, it is recommended that base finishing be done using a technique that does not
involve use of excessive water. A light sprinkling of water may be used in case of a dry
finished base that has dust on the surface.

Blade and Roll
The blade-and-roll technique involves the blading of the base to achieve the desired
finish quality and then rolling it. Rolling is typically done first by a pneumatic roller
followed by a m~dium to heavy weight steel wheel roller.

Base Lay-down Machine
The base lay-down machine is a relatively new piece of equipment in the pavement
construction market. It is somewhat similar to an asphalt concrete paving machine,
capable of laying down both flexible base and emulsified asphalt base (Figure 11 ). The
base material, either flexible or stabilized, is mixed in a pugmill away from the jobsite
and trucked to the project.

4. Structurally strong
The base should not have standing dust when the prime is applied, and the finished base
may be broomed to remove the dust. However, brooming has to be done carefully not to
disturb the base layer particles.
These "optimum' conditions for the base may not necessarily be "compatible" with each
other. For example, a "reasonably smooth" finished base is required to achieve a
desirable ride quality in the finished surface treatment. However, an overly smooth base
can prevent the prime coat binder from penetrating into the base and achieve a good bond
between the base and the prime. Therefore, some porosity (fine or small pores) is needed
for this bond to be developed. The desirable pore size is determined by the prime coat
binder and its wettability of the base material. In many instances, slush rolling is used to
obtain a smooth finished base surface. However, unless care is taken to control the
"slushing" water content, excess water can weaken the base significantly by making its
density lower.
Timing ofPrime Coat Application

The timing of the prime coat application is of great significance in achieving a good bond
with the base. The moisture content in the base has to be "just right" for the prime to
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It is also undesirable to apply the prime coat binder when the base is too wet. Shaded
areas, which are common in east Texas, dry slower than non-shaded areas. If the prime
coat is applied under these conditions it may not effectively stick to the base and
eventually delaminate. Figure 13(a) shows the removal of prime coat from such a
location due to construction traffic. Figure 13(b) shows the "pick-up" of prime coat and
surface treatment by construction traffic when the prime coat is applied over a "too wet"
base.

Figure 13 (a) Prime Peeled-Off at Shaded Area due to Construction Traffic (b) Failed
Surface Treatment due to Construction Traffic when Prime Application Base Is Too Wet
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However, the following general practices are recommended:
•
•

Wait at least 3 days when the prime coat binder is an emulsion
Wait at least 7 days if the prime coat binder is a cutback.

One of the most often discussed issues in surface treatment and seal coat construction is
the timing of aggregate application to the binder. For both hot asphalt and emulsion, it is
strongly recommended that aggregate be applied "as-soon-as-possible" after the binder is
sprayed.
Another important issue is the timing between successive courses of a multiple course
surface treatment. Recommended durations between first and second courses for
different surface treatment binders are listed below.
1. When hot asphalt is used as the binder in the first course, the timing of the second
course depends entirely on factors related to construction scheduling. The second
course could potentially be applied within hours after the course. Some
practitioners prefer to allow traffic for at least a couple of weeks before applying
the second course.
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1. The inspector is TxDOT's representative at the project site. Therefore, he/she has
to establish TxDOT's authority at the construction site.
2. The chief inspector in a construction project has to provide effective leadership to
the inspection crew as well as to the construction project.
3. If the inspector is unable to resolve certain situations or disputes at site, the
inspector has to make the judgment whether or not to call the Engineer to resolve
the issue.
4. It is important that the inspection crew establish an effective working relationship
with contractor's personnel. The first step in achieving a good rapport with the
contractor is to establish effective lines of communication between the inspection
crew and the contractor's crew. This will minimize miscommunication at the
construction site between the two parties.
5. It is important for the inspector to recognize that the contractor is a partner in a
construction project, and that it is reasonable to expect them to make a decent
return on their investment in the business. Therefore, the inspector must make
every effort to resolve questions or issues that arise in a timely manner, so that the
contractor can make satisfactory progress.
6. Often, contractors have a wealth of experience in the construction work they do.
Therefore, it is in TxDOT's best interest to effectively utilize such expertise to the
benefit of the project.
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located to facilitate such drainage.
4. Calibration of equipment must be inspected. In a surface treatment project, this
involves the verification of asphalt distributor application rates (from nozzles),
temperature gauge in the asphalt distributor, and the aggregate spreading rates
(from spreader gates). The frequency of such calibrations is generally specified in
the plans and specifications.
5. Most highway construction projects require the contractor effectively manage
work zone traffic and access to nearby property. Safety of the traveling public
and construction personnel during construction is of supreme importance, and the
inspector must ensure that the contractor abides by the plans and specifications in
this regard. The inspector should also check, on a daily basis, if continuous
access is provided to personal and commercial property from the construction
zone. When access to property has to be curtailed to allow construction activity
to proceed, the inspector must ensure that the public is notified of such activity
well in advance to minimize inconvenience.
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It is critically important to check the readiness of the finished base for
prime coat. The attainment of the right moisture content of the base is of
utmost importance.
Most experienced inspectors may be able to check the moisture content
using simple techniques such as by looking the base surface and by
digging into the base at several locations. However, it is recommended
that a moisture content measurement be made to verify the state.
The new 2004 TxDOT specification recommends a moisture content of
base optimum moisture content (OMC) minus 2% to be optimum before
prime coating.
Having too much water in the base may prevent effective bonding of the
prime, and can trap too much moisture in the base making it weaker (low
modulus).
A base that is too dry generally creates a thin coating of dust that will also
reduce the effectiveness of bonding. In such a situation, a light spray of
water (skeeting) can help alleviate the situation.
The other key items in the inspection of prime coating process are the use
of an appropriate prime coat binder rate and the prime coating technique
itself.
The inspector must also ensure that the contractor takes all possible
precautions to protect the prime coat after it is completed. Wearing of the
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o
o
o
o

o

o
o

o

strapped to ensure that the computer readings are accurate.
Aggregate (rock) must be applied as soon as possible for both hot asphalt
and emulsified asphalt.
The inspector must check the aggregate stockpiles for dust and debris, and
ensure that aggregate gradation is appropriate.
In the case of precoated aggregate, proper precoating coverage must be
ensured.
The inspector must mark rock lands, and ensure that the loader operator
loads trucks consistently so that proper application rate can be checked
using rock lands.
Rolling of the aggregate is very important to ensure that aggregate
particles are seated on the pavement in their most stable position (lowest
center of gravity). This will ensure that aggregates will maintain a
satisfactory bond with the binder.
The inspector must pay particular attention to the roller coverage of the
surface treatment and if the specified number of roller passes is used.
When surface treatment is done in the morning and later afternoon,
particular attention must be made to the binder temperature, and the
number of roller passes could be increased in such situations to ensure that
design embedment is achieved.
Loose rock on the pavement can cause numerous problems to the traveling
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The training of new personnel, which has become a very important issue to TxDOT, has
the potential to benefit greatly from Cl. This will help the new and inexperienced
employees get on top of the learning curve very quickly.
One of the key elements of any CI program is the documentation of "knowledge". Such
a documentation process has to be started with a System Interaction Chart for the process
involved (in this case the surface treatment process), which identifies the parties involved
as well as the process elements. There are three primary groups involved in the surface
treatment process; highway agency, contractor, material suppliers. The highway agency
can be divided into "line" and "staff' functions. The line function group in this case is
the area engineer who manages the project, and the staff function groups are those
providing support services to the construction activity. These include construction,
materials, maintenance and pavement management.
Figure 14 shows a detailed system component chart for the surface treatment process that
highlights the role played by continuous improvement. Development of such a chart
allows the agency to develop processes including CI to improve the functioning of the
process. By using tools such as those identified above, highway agencies such as TxDOT
are able to rely on the feedback obtained from the process to improve its components and
their performance.
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•
•

v

•
•

Application of the Prime
• Type of Prime
• Base Moisture Content
• Is Traffic Allowed on Primed Base?

Continuous Improvement
•
Lessons learned
•
Feedback

Climate During Construction
Aggregate Condition During
Construction
Setting and Verification of Rates
Time-Delay between Binder and
Aggregate
T1me-Delay Between Courses of
MCST

I

J

Acceptance of Work
• Assessment of Finished Quality
•
Opening for Reduced Speed Traffic
•
Opening for Regular Speed Traffic

L,___--1

Pavement Performance
• Monitoring Plan
• Distresses
•
Rectification

Figure 14 System Component Chart for Design and Construction of Surface Treatments
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good care of the base are very important.

Research Product 0-5169-P2

Page 31 of31

