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1.
2.
3.
4.
5.
6.
7.
8.
9.

Traffic level (ADT)
Location of highway (urban or rural)
Percent trucks on highway
Availability of funds for construction
Highway functional classification
Feasible traffic control plan during construction
Characteristics of the existing pavement, if any
Pavement located in an area with moving subgrade
Presence of turning traffic on the highway

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 ofturning traffic.
Successful past experience with surface treatment wearing surfaces indicate that 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.
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gripping effect of the prime coat onto the base also strengthens the base layer by
providing more cohesion to the top of the base.
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 3.1 shows a schematic of prime
coat penetration into the base layer. The picture in the inset shows the penetration of an
MC-30 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
of binder to base.
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1.
2.
3.
4.

Past experience
Availability of a contractor pool with expertise in prime coat type
Traffic control plan during construction
Base material

Prime Coat Types
At least four different prime coat types are typically used including the following.
I.
2.
3.
4.

Spray prime with or without blotting material
Worked-in (or cut-in) prime
Covered prime
Mixed-in prime

Spray Prime
Figure 3.2(a) shows a MC-30 cutback prime coat sprayed using an asphalt distributor.
The typical rate of application of the prime coat binder is 0.2 gallons per square yard that
may be adjusted depending on the "tightness" of base finish and on whether construction
traffic has to be allowed quickly on the primed surface. If the project is constructed
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under traffic, a blotting material such as field sand may be spread on sprayed binder
minutes after the prime coat binder is sprayed [Figure 3.2(b)].

Figure 3.2 Spray Prime (a) MC-30 Cutback Prime (b) Blotting Sand Applied on Prime

Worked-in Prime
Figure 3.3 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

Figure 3.4 Covered (or inverted) prime using RC-250 and grade 5 rock

Mixed-in Prime
The fourth type of prime coat is the "mixed-in prime". In this type, when the base
density is achieved and the base is completed up to the blue-tops, the top 2-3 inches of
base is remixed with a diluted emulsion and then re-compacted.
There is some ambiguity in the way terms such as "Cut-in", "Worked-in" and "Mixed-in"
are used to describe the prime coat. "Cut-in" or "Worked-in" prime essentially means the
same in which the prime coat binder, a diluted emulsified asphalt, is sprayed on the
finished base and the base material windrow is worked back and forth to create a thin
sand-asphalt layer that acts as the prime coat. A mixed-in prime is one where the top 2-3
inches of base is remixed with diluted emulsion and then re-compacted.

Surface Treatment Courses
The third and final step in the design process is the design of the surface treatment itself,
and this includes the following elements:
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use it on a regular basis. It is sometimes applied in multiple stages, where the second and
third courses are applied months apart. In other districts, after an initial first course is
applied and traffic is allowed on it for several months, subsequent courses are applied all
in one day within hours of each other. This is done when hot asphalt is used as the
surface treatment binder.
Aggregates in Surface Treatment Courses
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 1-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 1 yard by 1 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
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Grade 3 on Grade 4.

Figure 3.6 illustrates three commonly used aggregate combinations for 3-CST. Figure
3.6(a) has grade 5 on grade 4 on grade 3. Figure 3.6(b) has grade 4 on grade 4 on grade 3
rock. Figure 3.6(c) has grade 4 on grade 3 on grade 5 rock. The grade 5 rock in the
bottom course is from a covered prime.
Binders in Surface Treatment Courses
A variety of binder types and grades are used by districts in surface treatment courses.
These binders can be classified into binders used in warm weather and cool weather. The
selection of a surface treatment has to be done with some care. If the designer can
determine with some certainty that construction conditions, primarily the ambient
temperature, are going to be either warm or cool, it would be acceptable to specify a
particular binder in the plans. If not, a better approach would be to provide a choice of
binder for the contractor, and the selection of the binder to use can be done by the
contractor in consultation with the Engineer. Use of warm weather asphalts in cooler
weather is likely to lead to aggregate loss.
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Figure 3.6 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.
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2. The designs are conducted by a team formed with continuous process
improvement in mind.
In either case, the design has to be conducted by TxDOT professionals who have
experience with the following conditions that are typically applicable to design of
material application rates.
1. Binder type and grade

2. Aggregate type, source and grade
3. Traffic level (ADT and percent trucks)
4. 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
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3. The adjustment of the rate, either an increase or a decrease from a single coarse
rate design, is typically around 0.05 gallons per square yard.
Finish Quality as an Acceptance Criterion

One of the most important topics in surface treatment specifications is the use of finish
quality as an acceptance criterion in a contract. A finish quality can be specified on the
following surfaces.
1. Finished base layer
2. Primed base
3. Finished surface treatment before traffic is allowed on it
It 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 1110 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 good 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.
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•
•
•
•
•

Construction Management
Base Finishing
Prime Coat
Surface Treatment Application
Quality Control

Construction Management
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.

Research Product 0-5l69-P4

Page 16 of25

•
•
•
•
•

•
•

Limestone
Caliche
Iron Ore Gravel
Gravel
Fly Ash Stabilized Base
Cement Treated Base
Asphalt Stabilized Base

Both the pneumatic roller and the steel wheel roller are used to finish the base. The
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
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construction market. It is somewhat similar to an asphalt concrete paving machine, and it
is capable oflaying 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.
Experience with a limited number of projects have shown that it can provide benefits by
way ofbetter finish ofthe base and better control of base moisture content because it is
mixed in a pugmill. The thickness of base that could be laid-down in one pass would
depend on the efficiency with which the material could be compacted. Equipment
specifications suggest that thicknesses as high as 7 inches could be laid down in one pass.
The equipment has a hopper with a conveyor taking the base material to the screed area.
Trucks bring the material from the pugmill and it is loaded in to the hopper of the laydown machine. The equipment can move at speeds in the range of 15-20 feet per minute
(or 0.2 miles per hour). The material is laid down and compacted by two bars that
oscillate vertically.
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Application of Prime Coat
One of the most critical elements of surface treatment construction is the priming of base.
The prime coat helps the surface treatment binder to adhere to the base course by
penetrating and sticking to the base. Four types of commonly used prime coating
techniques were described in the Design section of this manual.
Several conditions may be identified as "optimum" for a base to have before a prime coat
is applied. Under these conditions, the base should be
1.
2.
3.
4.

Reasonably smooth,
Reasonably porous
Not dusty
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.
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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. ln 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 of Prime 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
penetrate into the base. The 2004 TxDOT Standard Specification Item 247.4E stipulates
"Cure the finished section until the moisture content is at least 2 percentage points below
optimum or as directed before applying the next successive course or prime coat."
Therefore, base must be allowed to dry to some extend after finishing before the prime
coat is applied. However, too dry a base can generate a fine dust coating that inhibits the

When a "worked-in" prime is used and if traffic is allowed on the primed base for several
days, it is recommended that there are drainage paths for storm water.
Application of Surface Treatment Courses
The first decision that a TxDOT project manager or inspector has to make with regard to
surface treatment application is whether the primed pavement is ready for surface
treatment application. The researchers asked the districts how long they would wait after
the priming before applying the surface treatment. The responses received to that
question varied from same day to 10 days. This time lag between the prime and the
surface treatment depends on the following factors:
•
•
•
•

Type and grade of binder (i.e. provide time for cutback volatiles to evaporate and
for emulsions to cure and penetrate)
Type of base (allow prime to penetrate)
Contractor's construction schedule
Work-zone management

Research Product 0-5169-P4

Page 21 of25

typically applied until the next asphalt season, which could be several months
later.
3. In the case of cutback asphalts, the delay between first and second courses
depends on the type of"first" course used. When a 'covered (or 'inverted')
prime, which can be considered as a first course in a ST is used, the RC-250
cutback asphalt used as the binder would require a minimum of 7 days for the
volatiles to escape the rapid curing cutback. For cutback asphalts such as MC2400 or MC-3000, a minimum of90 days is recommended before the second
course is applied.
Inspection of Surface Treatment Construction
1. The use of an effective method to finish the base is of utmost importance.
o The inspector has to ensure that the contractor uses an appropriate base
finishing method that does not compromising the quality of the base, while
ensuring that the finished base surface is compatible with the prime
coating method.
o It is also important to consider the constructability of the activity,
particularly if the contractor has the expertise to do the base finishing
work as stipulated in the plans.
o The finish quality of the base has to be checked by the inspector, because
it dictates the final ride quality of the surface treatment. It would be much
easier to ask the contractor to refinish the base rather than having to ask
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water (skeeting) can help alleviate the situation.
o 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.
o The inspector must also ensure that the contractor takes all possible
precautions to protect the prime coat after it is completed. Wearing ofthe
prime can prevent the surface treatment binder from bonding to the base.
o It is appropriate to use of cutouts in the windrow to prevent water-logging
of the primed base (when base material windrows are used in the priming
process).
o It is important to minimize both construction and regular traffic on the
primed base to reduce wear of prime coat.
3. Once the prime coat is applied on base, the next step is to apply the first course of
the surface treatment.
o The inspector has to ensure that the contractor applies the surface
treatment course at the most optimum time.
o If traffic has to be put on the primed base, the surface treatment must be
applied as soon as possible to prevent potential damage to the primed
base.
o However, the inspector must ensure that the contractor allows sufficient
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The inspector must pay particular attention to the roller coverage of the
surface treatment and if the specified number of roller passes is used.
o 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.
o Loose rock on the pavement can cause numerous problems to the traveling
public as well as construction personnel. It is a safety hazard, and it may
also contribute to windshield damage.
o Having loose rock on the primed base can damage the prime (and the
base), and timely removal of loose rock is very important. One way to
reduce damage to prime due to loose rock is to shoot the surface treatment
binder a little wide, and then to overlap it with the adjoining binder shot.

o

4. Under current TxDOT specifications, the acceptance of the job after the
completion of surface treatment construction is a key milestone.
o Once accepted, the roadway becomes the client's (TxDOT) responsibility,
and therefore, the inspector must ensure that the job is accepted in good
condition.
o The inspector must ensure that quality of completed construction project is
checked as per specifications.
o An important part of this process is checking the completed structure for
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