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Purpose
The Seal Coat and Surface Treatment Manual has been revised to bring it up to date with current
policies, practices and terminology. Chapter 1, 2, 3, 4, 8 and 9 have been updated.

Changes

Chapter 1: Now begins with a general overview of Pavement Preservation. Some photos in Chapter
1 have been updated to provide better examples of topics covered. A new discussion of Surface
Treatments Defects has been added to Section 4.

Chapter 2: Explains how the Pavement Management Information System (PMIS) can be used and
shows a sample PMIS Report.

Chapter 3: Adds a section on the use of asphalt cement for seal coats and some new illustrations.

Chapter 4: Adds a new section on Transversely Varying Asphalt Rates (TVAR) to better match the
needs of the existing pavement.

Chapter 8: The "Temperature” discussion in Section 2 has been rewritten to give more detailed sug-
gestions. A sentence is added to Section 8 to clarify that a contractor must furnish a volumetric
calibration and strap stick for the distributor tank during asphalt applications. Section 9 now refers
to the 2014 TxXDOT Standard Specifications for filling trucks for contractors.

Chapter 9: Adds a link to a video describing how seal coats are an important part of TxDOT's pre-
ventive maintenance program.
Contact

Address questions concerning information contained in the Manual Notice to Randy Ormsby at
(512) 416-3196 or randy.ormshy@txdot.gov.

Archives

Past manual notices are available in a PDF archive.
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Chapter 1 — General Principles Section 1 — Overview

Section 1 — Overview

| Pavement Preservation

The Federal Highway Administration (FHWA) defines pavement preservation as a program
employing a network-level, long-term strategy that enhances pavement performance by using an
integrated, cost-effective set of practices that extend pavement life, improve safety, and meet
motorist expectations. Pavement preservation utilizes a combination of preventive and routine
maintenance, with a heavy emphasis on prevention. The basic concept is that maintaining a road in
good condition is easier and less costly than repairing one with heavy damage.

The purpose of pavement preservation practices is to extend pavement life and arrest or retard dete-
rioration and progressive failures. This maintenance strategy offers many benefits to road users as
well. By keeping roads in good condition, preventive maintenance improves safety conditions. The
ride quality of the road is also increased, making driving a more comfortable and pleasant experi-
ence for drivers and their passengers. Finally, preventive maintenance operations usually minimize
traffic disruptions, thereby reducing congestion and lost time.

The difference between the effect of preventive and reactive maintenance is significant. Not only is
the timing of application different as shown in Figure 1-1, but the effect (represented by the slopes
of the after-treatment performance curves) is also disparate. A pavement that receives preventive
maintenance experiences only small fluctuations in pavement condition and generally remains ser-
viceable. The pavement condition drops to an unacceptable level, however, with reactive
maintenance, then is temporarily boosted before quickly receding once more.

Seal Coat and Surface Treatment Manual 1-2 TxDOT 03/2017



Chapter 1 — General Principles Section 1 — Overview

__________ Preventive

Reactive
Maintenance

Pavement Condition

Time or Traffic

Preventive
Maintenance |

9]
Q
o)
Q

Reconstruction

Defer
Action

Pavement
Condition
(Functional or
Structural)

Rehabilitation

)
o]
)
'1

Time (Years)

Figure 1-1. Effect of maintenance on pavement condition.

Common preventive maintenance treatments are seal coats, microsurfacing, fog seals, crack seal-
ing, joint sealing, thin overlays and others. Prevention means longer pavement life, better pavement
performance, improved pavement condition and increased safety. TxDOT is able to make more
informed decisions and the cost to the public is reduced. Because of improvements in safety, price,
road condition, etc., public satisfaction with the local pavement management system will be
heightened.

| Seal Coats as a Pavement Preservation Treatment

Seal coats, also known as chip seals, are simple, relatively inexpensive pavement surfaces that are
highly effective if adequate care is taken in the planning and execution of the work. A seal coat is
an application of a layer of asphalt binder covered with a layer of aggregate applied to an existing

| paved surface. TXDOT spends close to $180 million annual ly maintaining 197,500 lane
miles of roadway, and seal coats are a very important part of TXDOT’s preventive maintenance pro-
| gram. TXDOT state forces place approximately 3,000 to 4,000 lane
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miles per year and contracted seal coats comprise 17,000 to 20,000
lane miles per year.

The average life of a seal coat or surface treatment is about six to eight years; however, some have
performed successfully for periods of up to 20 years.

TxDOT specification Item 316, Seal Coat, defines an application of asphalt material covered
with a single layer of aggregate as a surface treatment. For purposes of this manual, an application
of asphalt material covered with a single layer of aggregate when applied to a prepared compacted
base is a surface treatment; whereas, a seal coat is applied to a paved surface.

This manual is intended to provide guidelines for the design, construction, and inspection of seal
coats and surface treatments for contract and state force work. Both full-width seal coats/surface
treatments as well as strip/spot seal coats are addressed. The manual is directed primarily to office
and field engineers, laboratory personnel, and field inspectors.
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Section 2 — Functions of Surface Treatments and Seal Coats

General

A surface treatment is placed on a crushed stone base to provide a roadway with the least expensive
permanent type of bituminous surface. It seals and protects the base and provides strength at the
road surface so that the base can resist the abrasive and disruptive forces of traffic. It also provides
many of the functions that a seal coat provides.

When applied to a bituminous pavement surface, a seal coat provides a durable all-weather surfac-
ing that:

+ seals an existing bituminous surface against the intrusion of air and water

enriches an existing dry or raveled surface

arrests the deterioration of a surface showing signs of distress

provides a skid-resistant surface

provides the desired surface texture

* & ¢ o o

improves light-reflecting characteristics where these are required (by use of light-colored
stone)

& enables paved shoulders or other geometric features to be demarcated by providing a different
texture or color

& provides a uniform-appearing surface.

The functions of the asphalt binder are to bind the aggregate particles to the underlying surface and
to provide a waterproof seal. The functions of the aggregate are to resist traffic abrasion, to transmit
wheel loads and to provide skid-resistance and the desired surface texture.

A seal coat or surface treatment has little or no structural strength itself but by preventing the
ingress of water it enables the inherent strength of the pavement and the subgrade to be preserved.
If a pavement shows evidence of traffic load associated cracking (alligator, longitudinal, trans-
verse), a seal coat is only a temporary solution. Areas that show load-associated cracking may
require base repair prior to a seal coat or overlay. A thick asphalt concrete overlay or reconstruction
is normally required to correct these problems. Seal coats applied to pavements showing signs of
non-traffic load associated longitudinal and transverse cracks have proved somewhat effective.
Seal coats usually bridge these cracks in a more satisfactory manner than thin asphalt concrete
overlays.

Ride quality of a pavement cannot be improved significantly by the application of a seal coat. Over-
lays of various thickness, spot level-up maintenance patches, or reconstruction are normally
required to restore pavement ride quality.
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Coats

Pavements demonstrating_flushing or bleeding are difficult to repair with seal coats. The binder
normally migrates through an added seal coat unless the asphalt quantity applied to the roadway
can be altered at these spot locations. Seal coats utilizing a large maximum size aggregate are sug-
gested if seal coats are used on flushed surfaces.

Seal coats have been used successfully on both low- and high-traffic volume roadways, but tend to
be more successful on low-volume roadways, especially low-volume truck traffic. The use of seal
coats in urban areas where accelerating/decelerating traffic and turning movements frequently
occur should be approached with caution and is addressed more in Chapter 2.
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General

Section 3 — Factors Influencing Performance

The performance of seal coats and surface treatments depends on:

*

* o o

* & o o

construction techniques used
properties of the bituminous binder and the stone
amounts of stone and binder used and the uniformity of application

development of good adhesion initially which must be maintained throughout the life of the
surfacing

development of a dense interlocking mosaic of stone
strength of the underlying base or condition of underlying pavement
amount and type of traffic

environmental and drainage conditions.

These factors will be discussed in more detail later in this manual.
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Section 4 — Principal Faults or Defects in Seal Coats and Surface Treatments

General

Some of the most serious defects in seal coats and surface treatments are:

& loss of aggregate

& streaking
o flushing.
Loss of Aggregate

There are several major causes for serious loss of cover aggregate from surface treatments and seal
coats as shown in Figure 1-1:

¢ Along delay between spraying binder and spreading cover aggregate, causing the binder to
become chilled and hardened.

¢ Sealing too late in the season. Seal coats tend to perform better if they are under traffic a few
months prior to winter weather.

Insufficient binder is provided to cement the cover aggregate into place.

Selection of an improper binder for prevailing conditions.

A coating of dust or film of moisture on aggregate particles affects the adhesion to the binder.
Fast traffic is permitted before adhesion is fully developed.

A rainstorm occurs prior to development of adhesion.

* & 6 O o o

Placement of too much aggregate may cause embedded aggregate to dislodge under traffic.
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igure 1-2. Seal coat pavement surface exhibiting aregate loss.

Poor Adhesion or Bond to Road Surface

The complete loss of a surface treatment or seal coat happens rarely and therefore is not listed as
one of the major defects; nevertheless, it can occur. Poor bond between an existing surface and a
seal coat placed over it may be due to the following:

+ afilmor layer of dust

& moisture in the old surface following wet weather

¢ low ambient temperature

& use of a binder that is too viscous at the time rock is applied

& any combination of these at the time the seal coat was laid.
Streaking

Streaking results when alternate longitudinal strips of a surface treatment or seal coat contain dif-
ferent quantities of binder, due to lack of uniformity of application of the binder inch by inch across
the surface. The dark streaks which exist in this condition occur when there is not enough asphalt
binder to hold the cover aggregate in place, and part of the cover stone has been torn out by traffic.
These dark streaks are points of weakness at which the complete seal coat or surface treatment will
wear away first under traffic. Streaking can reduce skid resistance, cause vehicle steering problems,
and lead to a serious reduction in the normal life expectancy.
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In addition to shortening the service life, streaking can be so pronounced that it interferes with the
steering of a car on the road and can cause the vehicle to weave, thereby affecting the safety of
traffic.

Some of the more common causes of streaking are mechanical faults, improper or poor adjustment,
and careless operation of bituminous distributors. Another frequent cause is applying the bitumi-
nous binder at too low a temperature, so that it is not fluid enough to fan out properly from the
nozzles on the spray bars.

Other common causes of streaking requiring mechanical correction are:

& operating with a portion of the spray nozzles partially or completely clogged (faulty strainers
or absence of strainers is sometimes at least partly responsible for this)

+ using spray nozzles of different sizes, different makes, and different rates of discharge in the
same spray bar

& operating when some of the nozzles have not been set vertically and at the proper angle in the
spray bar
& using damaged or badly worn spray nozzles

o employing spray bars in which the center-to-center spacing of the nozzles is not uniform.

Flushing

Too much bituminous binder used during the construction of seal coats and surface treatments is
one of the most common defects. Excess binder exudes upward onto the pavement surface and is
the origin of the black and frequently sticky surface condition referred to as flushing, bleeding, or
fattening up and which can lead to a loss of skid resistance. Figure 1-3 shows an example of a
flushed seal coat surface.
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| Figure 1-3. A seal coat pavement surface exhibiting flushing in the wheelpaths.

Every element in the finished highway (width, alignment, profile) satisfies both engineering and
aesthetic demands, and yet the surface is the most obvious part of the structure. A poorly designed
and constructed seal coat begins its service life with a blemished appearance and a surface that may
have flushed so badly that it will exhibit a loss of skid characteristics. Consequently, the finished
surface satisfies neither the artistic nor the basic engineering requirements that the public has a
right to expect. This manual will provide guidelines on determining the correct binder application
quantities.

The application of insufficient binder leads to a loss of aggregate, because not enough binder has
been applied to cement the aggregate particles into place. Sometimes the surface on which a seal
coat or surface treatment is applied is so open or porous that a large portion of the binder soaks into
it. Not enough binder remains on top to hold the aggregate, and it can be easily dislodged by traffic.

In general, the use of too little binder occurs less frequently than the application of too much.

| Surface Treatments Defects

In the case of a surface treatment on a granular base, potholes and smaller breaks may develop over
poorly bonded areas from which traffic has removed the surface treatment (Figure 1-4). Unless
attended immediately by maintenance crews when they first appear and are still small, these holes
in the surface treatment may quickly become so numerous and so large that it is no longer econom-
ical to attempt to restore the surface by simple patching methods. A poor bond between the binder
and the granular base that results in these breaks is usually due to pockets of dust or other fine
material, or to areas with excess moisture that existed in the prepared surface, or to low tempera-
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tures when the surface treatment was constructed. Attempting to use a binder that is too viscous
will also contribute to this type of failure through lack of bond to the road surface.

Figure 1-4. Potholes forming due to oorly bonded surface treatment.

The quality of the base finish is critical to the bonding of the surface treatment to the base. Both
pneumatic and steel wheel rolers are used. The pneumatic roller is used first, followed by a steel-
wheel roller. The kneading action of the pneumatic roller helps the initial rolling to even-out the
bladed surface. The steel wheel roller helps to get an even and less rocky surface before the prime
coat is applied.

One type of base finishing known as slush rolling is sometimes used and this technique varies
depending on the amount of water used. Slush rolling with excessive water can weaken the base,
first by trapping water in the base and then by altering the gradation of the base due to the pumping
of fines to the top. Slush rolling can build up a layer of fines on the top of the base that will hinder
the penetration of the prime coat and the prime can debond from the base easily. Therefore, slush
rolling is not recommended.

The trimming technique uses the subgrade trimmer to finish the base. Excess base is used to com-
pact the base 1-2 inches above the blue-top level, and then the trimmer is used to cut it down to the
required finish level. Then the trimmed surface is rolled. This eliminates the need to do slush
rolling.

A prepared road base structure that is to be surfaced using the surface treatment concept should
always be primed first. The prime coat plays a very important role by facilitating the bond between
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the surface treatment and the base layer. 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 the binder to the base.

There are three types of prime coats used by TxDOT districts: spray-applied, worked-in prime and
covered prime. A spray-applied prime (Figure 1-5) utilizes an asphalt distributor to apply between
0.1 and 0.2 gal/sy of either MC-30 or AEP products.

Figure 1-6 shows a worked-in prime coat application where diluted emulsion is sprayed on the fin-
ished base, which is then covered with a thin coating of fine base material dust working the
windrow with a motor grader. This process is usually repeated 2-3 times to get a total emulsion
application rate of 0.2 gal/sy. The emulsions commonly used are SS-1, CSS-1h and MS-2. This
leaves an asphalt-sand layer on the finished base that is approximately 1/8 in. thick.

Figure 1-5. Spray-applied prime (MC-30 or AEP).
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Figure 1-6. Worked-in (cut-in) prime.

Figure 1-7 shows a covered (or inverted) prime applied on the finished base. This covered prime is
similar to a surface treatment where RC-250 cutback is applied to the finished base, which is cov-
ered by spreading Grade 5 rock. This “priming” technique is particularly useful when traffic has to
be let on the primed surface before the other half of the roadway is primed. This type of prime can
provide 2-3 months of satisfactory service as a very temporary wearing course under favorable traf-
fic conditions including little or no turning traffic or heavy traffic.
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Figure 1-7. Covered (inverted) prime.
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Section 1 — Seal Coats as a Preventive Maintenance Technique

General

TxDOT has had a formal preventive maintenance program since 1987. Seal coats are used exten-
sively as a preventive maintenance technique for bituminous pavements throughout Texas. While
routine maintenance can be characterized as a reactive process in which immediate repairs are
made to existing distress, preventive maintenance treatments help to preserve a pavement and
extend its useful performance life. It is desirable in Texas to place seal coats on a 6 to 8 year cycle,
but this is not always possible due to funding constraints.

The process for selecting pavements to receive seal coats will vary among the districts. In general,
the process starts with maintenance section supervisors because they are most familiar with the
roads in the section and inspect them often. They are also aware of the resurfacing and maintenance
history of a roadway. The maintenance section supervisor generally prepares a list of candidate
projects, and the list is reviewed and modified as appropriate by the area engineer before being sub-
mitted to the district office. Before the final selection is made by district staff, it is recommended
that a designated person from the district office travel the roads to ensure they are good seal coat
candidates.

Seal coats provide no additional structure to an existing pavement, so pavements that are structur-
ally deficient are not candidates for seal coats. In addition, because wide cracks or cracks
experiencing large movements are expected to reflect through the seal coat, pavements with exten-
sive amounts of distress are generally not good candidates for a preventive maintenance treatment.
There is, however, still a considerable amount of seal coat applied as a Band Aid to hold the pave-
ment for a few years until reconstruction or rehabilitation can be funded.

In many cases, spot base repair, edge repair, crack sealing, strip/spot seal coat, or level-up work
may be required to make an existing pavement ready to receive a seal coat and to maximize the life
of the pavement.

Factors that can affect the decision to use a seal coat as a maintenance treatment include the
following:

condition of the existing pavement

effectiveness of a seal coat in addressing the existing pavement deficiencies

cost of the seal coat compared to other treatments

traffic volume

percent truck traffic

* ¢ ¢ 6 o o

repairs needed prior to the seal coat.
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Current PMIS (Pavement Management Information System) data can aid
In assessing the condition of the existing pavement. The PMIS iIs an
automated system for storing, retrieving, analyzing, and reporting
pavement condition information. It can be used to retrieve and ana-
lyze pavement information to compare maintenance and
rehabilitation treatment alternatives, monitor current pavement
conditions, and estimate total pavement needs.

PMIS may be used to describe current pavement condition and trends,
locate areas with problems, identify types of problems, and esti-
mate general preventive maintenance and rehabilitation needs. PMIS
data include the following:

¢ distresses

¢ 1rut
¢ ride
¢ last surface date
¢ malntenance cost per mi le.
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Figure 2-1. Sample PMIS Report.

Distresses shown in Figure 2-1 in the sample PMIS report are
decoded as follows:
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¢ SRUT- shallow rutting (0.25- 0.49 inches deep), percent of
wheelpath length

¢ DRUT - deep rutting (0.50 to 0.99 inches deep), percent of
wheelpath length

PAT - patching, percent of lane area

FAL - failures, number

BLK - block cracking, percent of lane area

ALG - Alligator Cracking, percent of wheel path length

LNG - Longitudinal Cracking, Average feet of cracking in each 100 ft of surface
TRAN - Transverse Cracking, Number of transverse Cracks per station

RAV - Raveling, percent of rated lane’s total surface area.

® ¢ 6 6 6 o o o

FL - Flushing, percent of the rated lane’s wheel path length
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Section 2 — Selecting Pavements for Seal Coat Treatment

General

The performance of a seal coat is, in part, governed by the structural adequacy of the underlying
pavement layers. These underlying layers must possess the strength required to carry the wheel
loads expected to use the facility, since the thickness of a seal coat will not add to the strength of the
pavement layers. The seal coat acts mainly as a wearing course, sealing the road from the infiltra-
tion of surface water, and providing a skid-resistant surface.

Pavement Distress Types

A seal coat is applied to existing pavements for the overall purpose of extending the life of the
pavement. A seal coat can correct minor surface deficiencies as described below:

Cracking. A seal coat will effectively prevent water from seeping through narrow surface cracks
(1/8 inch or less) and damaging the base or underlying paved layers. Cracks wider than 1/8 inch
should be crack sealed well ahead of seal coat placement.

Raveling (or shelling). Raveling is the condition in which aggregate particles in the old pavement
have broken loose. A seal coat will generally cement the material in place and prevent additional
raveling.

Bleeding. This is the condition in which excess asphalt in the existing pavement migrates to the
surface. It appears as a black area and will reduce skid resistance. Placing a seal coat on top of a
surface that is already bleeding may not correct this type of problem. Under the action of rolling
and traffic, the aggregate from the new seal may become fully embedded into the bleeding asphalt
surface. It may be possible to correct a bleeding surface with a seal coat if a larger maximum size
aggregate (such as a Grade 3) is used. The void space in the larger rock layer may accommodate the
excess asphalt.

Lack of Skid Resistance. A seal coat will bring angular aggregate particles into contact with vehi-
cle tires to improve skid resistance. It is recommended that the accident history of a pavement be
reviewed to determine if improved skid resistance is needed.
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Figure 2-2. Good candidate for seal coat.
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Section 3 — Traffic Volume Considerations for Seal Coat Treatment

Overview

Although a seal coat can be applied to high-traffic volume roadways, it is generally limited to low-
traffic volume roadways. Facilities with average daily traffic in excess of 10,000 vehicles per day
will be considered as high traffic for purposes of this manual. Problems that can occur on high-traf-
fic volume roadways are sometimes related to the following:

« short-term aggregate loss
vehicular damage from loose aggregate
potential for flushing

tire noise

* & o o

prolonged traffic control.

Scott Shuler! (1990) offers several solutions to alleviate the impediments to using chip seals (seal
coats) on high-volume facilities. Some of these solutions are discussed below.

Short-Term Aggregate Loss
Short-term aggregate loss refers to aggregate loss within hours or days after construction. If loss
occurs within a few days, causes may be related to the following:
+ binder too cold when aggregate applied

inadequate binder quantity

inadequate aggregate embedment

existing pavement too cold when asphalt is applied

* & o o

cold weather immediately following construction.

Vehicular Damage

The potential liability due to vehicle damage from dislodged aggregate may be the primary reason
for not using seal coats on high-traffic volume roadways. Damage can occur to windshields, head-
lights, radiators, and vehicle paint.

While there is sometimes a tendency to apply excess aggregate to avoid tracking by rollers, this
excess aggregate can cause damage to vehicles. In addition, when more than one aggregate thick-

1. Shuler, T.S., 1990. “Chip Seals for High Traffic Pavements,” Transportation Research Record No. 1259, Transportation
Research Board, National Research Council, Washington D.C.
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ness is present, additional aggregate particles on the surface are pushed into those below. This
action dislodges aggregate in the first layer causing loss of aggregate and changes in grading (due
to aggregate crushing). The correct aggregate quantity should produce a layer, which is one-stone
thick.

Allowing slow-moving traffic on a new seal coat after final rolling and sweeping is one of the best
means to reduce premature aggregate loss. Slowly moving vehicles also seem to provide a level of
aggregate orientation not achievable by conventional pneumatic rollers. One method to assure the
traffic will move slowly is to use pilot vehicles. This practice is often not followed because of the
inconvenience to motorists on high-volume facilities. To alleviate this problem, seal coat opera-
tions can be performed when traffic is at reduced levels.

The potential for vehicle damage can also be reduced by using a small aggregate size (such as a
Grade 4) or by using lightweight aggregates which have a much lower specific gravity than con-
ventional mineral aggregates.

Tire Noise

The best seal coats are those that are effective sealing mechanisms and those that provide a long-
lasting, high-friction riding surface. One of the ways to achieve these two objectives is by using
large, one-sized aggregates (1/2 inch or greater). The larger aggregates require greater asphalt
quantities to bind the aggregate that provides greater sealing capabilities while providing necessary
friction. These larger aggregates often generate complaints by motorists because the tire noise level
is greater. While the larger aggregates can increase the surface texture and improve friction, the key
to friction is in the skid properties of the aggregate.

Double application seal coats (two-course surface treatment) using a smaller aggregate for the top
layer will provide for less tire noise. This results in a first layer with more voids in the surface,
while the second application of aggregate fills in the voids.

Prolonged Traffic Control

Prolonged traffic control is primarily associated with emulsified asphalt binders. Increased traffic
control is often necessary until the emulsion has had time to break and develop tensile strength to
hold the aggregate.

Modified binders may offer a higher level of adhesion than corresponding conventional binders.
Therefore, aggregate retention is better during the early life of the seal coat, and often the rigid lev-
els of traffic control required for emulsions are not as significant when polymer-modified binders
are used.
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Section 4 — Strip or Spot Sealing

General
Strip sealing or spot sealing is typically performed by maintenance forces. This type of mainte-
nance treatment is used to address specific pavement conditions such as:
+ longitudinal or transverse cracking

early signs of alligator or block cracking

flushing

low skid resistance

* & o o

segregated spots in asphalt concrete.

It is critical that strip/spot seal work is done as soon as these specific conditions arise. If these con-
ditions are not addressed quickly, they will degrade to the point that major repairs are needed.

Spot seal coats may be applied over spot base repairs or level-ups as an added measure of ensuring
that no surface water penetrates into the base.
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Section 5 — Surface Treatments

General

A surface treatment is similar to a seal coat but differs in that it is placed on a prepared base as
opposed to an existing paved surface. A surface treatment provides a durable all-weather surface
that seals and protects the base and provides a wearing course.

Prior to placing a surface treatment, it is general practice to prime the base first. The prime pene-
trates the upper layer of the base creating a better binder-to-base bond; makes the base less
permeable to air and water; and provides a dust-free surface that further improves the bond between
the surface treatment and the base.

Surface treatments are used routinely in Texas for the riding surface on construction or reconstruc-
tion of low-traffic volume roadways. There are also many cases where surface treatments
performed successfully on higher-traffic volume roadways. Since they provide a relatively thin
wearing course, any imperfections in the finish to the base will be reflected through to the surface
and will have an adverse effect on the riding quality of the roadway. Sometimes multiple surface
treatments are used on the prepared base.
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Section 6 — Fog Seal

General

A fog seal is a light application of asphalt, usually emulsion, applied to retain aggregate. It is some-
times used over an asphalt concrete surface or a new seal coat, particularly if a porous aggregate
has been used as the cover aggregate.

Sometimes a fog seal is used on an asphalt concrete surface that is exhibiting raveling. In some
cases, a fog seal is applied to a seal coat that is exhibiting aggregate shelling. Aggregate shelling
can often occur during the first cold spell after a seal coat. A light fog seal immediately applied at
this time can minimize further shelling of seal coat aggregate.

Fog seals should be used with extreme caution as they can cause a temporary loss of friction on the
roadway surface. Traffic should not be allowed on a fog seal until it has adequately cured.
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Section 1 — Communication and Coordination

General

After roadways have been selected for seal coat application, communication and coordination must
be established among the project design office, the area engineer, the maintenance supervisor, and
other appropriate district personnel. Items to consider for discussion include the following:

What are lessons learned from previous seal coat applications?

What materials should be used?

What suitable materials are currently on hand?

How should repairs and patching be accomplished—contract or state force?

What should be the time frame for completing all repairs?

* & 6 6 o o

When will the seal coat be applied?
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Section 2 — Selection of Binder

General

All asphalts used in the United States are products of the distillation of crude petroleum. Asphalt is
produced in a variety of types and grades ranging from hard and brittle solids to almost water-thin
liquids. Asphalt cement is the basis of all of these products. It can be made fluid for spraying from
an asphalt distributor by heating, by adding a solvent, or by emulsifying it. When a petroleum sol-
vent, such as naphtha or kerosene, is added to the base asphalt to make it fluid, the product is called
a cutback asphalt. When asphalt is broken into minute particles and dispersed in water with an
emulsifier, it becomes an emulsified asphalt. The tiny droplets of asphalt remain dispersed until the
emulsified asphalt breaks. All three of these forms (asphalt cement, cutbacks, and emulsions) may
be used for seal coat and surface treatment work. However, the use of cutback asphalts has declined
rapidly over the years due to concerns over air pollution and potential health risks as the solvents
evaporate into the atmosphere.

According to the Asphalt Institute, asphalts for seal coats and surface treatments should have the
following characteristics:

o When applied, the binder should be fluid enough to spray and cover the surface uniformly, yet
viscous enough to remain in a uniform layer and not puddle in depressions or run off the
pavement.

& After application, it should retain the required consistency to wet the applied aggregate.
« It should develop adhesion quickly.

¢ Afterrolling and curing, the binder should hold the aggregate tightly to the roadway surface to
prevent dislodging by traffic.

o When applied in the proper amount, it should not bleed or strip under traffic or with changing
weather conditions.

The bituminous binders used for seal coats and surface treatments should conform to TxDOT Stan-
dard Specification_Item 300, Asphalts, Oils, and Emulsions. Table 3-1 from Item 300 shows typical
uses for different types of bituminous binders.
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Table 3-1. Typical Material Use. (from Table 18 of Item 300 of TXDOT Standard Specifications)
Table 3-1. Typical Material Use

Material
Application Typically Used Materials

Hot-Mixed, Hot-Laid | PG Binders, A-R Binders Types | and 11
Asphalt Mixtures

Surface Treatment AC-5, AC-10, AC-5 w/2% SBR, AC-10 w/2% SBR, AC-15P, AC-
20XP, AC-10-2TR, AC-20-5TR, HFRS-2, MS-2, CRS-2, CRS-
2H, HFRS-2P, CRS-2P, CHFRS-2P, A-R Binders Types Il and
11

Surface Treatment RS-1P, CRS-1P, RC-250, RC-800, RC-3000, MC-250, MC-800, MC-3000, MC-

(Cool Weather) 2400L

Precoating AC-5, AC-10, PG 64-22, SS-1, SS-1H, CSS-1, CSS-1H

Tack Coat PG Binders, CSS-1H, CSS-1H, EAP&T

Fog Seal SS-1, SS-1H, CSS-1, CSS-1H

Hot-Mixed, Cold- AC-0.6, AC-1.5, AC-3, AES-300, AES-300P, CMS-2, CMS-2S

Laid Asphalt

Mixtures

Patching Mix MC-800, SCM I, SCM II, AES-300S

Recycling AC-0.6, AC-1.5, AC-3, AES-150P, AES-300P, Recycling Agent, Emulsified
Recycling Agent

Crack Sealing SS-1P, Polymer Mod AE Crack Sealant, Rubber Asphalt Crack Sealers (Class A,
Class B)

Microsurfacing CSS-1P

Prime MC-30, AE-P, EAP&T, PCE

Curing Membrane SS-1, SS-1H, CSS-1, CSS-1H, PCE

Erosion Control SS-1, SS-1H, CSS-1, CSS-1H, PCE

Asphalt Cement

Asphalt cements are classified based on their viscosity in poises (centimeter-gram-second units of
dynamic viscosity) at 140°F. For example, if AC-5 or AC-10 is specified, the numerical value in
these designations indicates the viscosity in hundreds of poises at 140°F. Additional letter designa-
tions such as “P” or “TR” as in AC-15P or AC-20-5TR indicate the presence of a polymer or (5
percent) tire rubber, respectively.

There are many requirements in the specifications for asphalt cements. The most important require-
ments are the viscosity, penetration, and aged viscosity. With these requirements we attempt to
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control the temperature susceptibility (change of viscosity with change in temperature) of the
asphalt and limit the amount of aging expected through the hot mix plant. We do not want an
asphalt that gets too viscous at low temperatures or gets too fluid at high temperatures. We also
don’t want an asphalt which ages quickly in the hot mix plant. Although asphalt cements used for
seal coats and surface treatments are not processed through a hot mix asphalt concrete plant, some
test requirements were developed to consider the aging that occurs through the hot mix asphalt con-
crete plant. The main tests performed for asphalt cement and the reasoning behind them follow.

Viscosity. Viscosity is defined as a fluid’s resistance to flow. The viscosity test is conducted at two
temperatures, 140°F and 275°F. This test indicates how viscous the binder is at approximate maxi-
mum road temperatures (140°F) and its relative resistance to deformation (rutting) at summertime
road temperatures. The limits on the high-temperature viscosity help ensure the asphalt does not get
too fluid at high temperatures. An example of what to avoid is an asphalt that behaves like a wax. A
wax will be stiff and hard at low temperatures, but as the temperature is raised, will soften and lose
its stiffness.

At 140°F, there is a minimum and maximum viscosity required. At 275°F, there is only a minimum
viscosity required.

Penetration. The standard penetration test indicates the relative stiffness of the asphalt at a tem-
perature of 77°F.

The test measures the distance a standard needle weighted with a mass of 100 grams penetrates into
the asphalt in 5 seconds. All testing takes place at a controlled temperature of 77°F.

The specification places a minimum on the penetration. The further the needle penetrates into the
asphalt, the softer the asphalt.

Temperature Susceptibility. If there are limits on the viscosity at two different temperatures, and
limits on the penetration, this will effectively limit the temperature susceptibility of the asphalt.
(Remember temperature susceptibility is the change in viscosity with change in temperature.)

Flash Point. The flash point is defined as the lowest temperature at which application of a test
flame causes the vapors above the surface of the liquid to ignite. This test is conducted for safety
reasons. The test performed is the Cleveland Open Cup Flash Point as described in AASHTO Test
Method T-48. An open cup of asphalt is heated at a specified rate. At temperature intervals, a small
gas flame is passed over the surface of the asphalt. A minimum flash temperature is required for
each type of asphalt cement.

Solubility in Trichloroethylene (TCE). In this test (AASHTO T-44), asphalt is dissolved in TCE
and filtered. The insoluble material is weighed. This test places maximum limits on inorganic mate-
rials or carbon residues in the asphalt. These materials, if present, add no binding quality to the
asphalt and are considered contaminants.

Seal Coat and Surface Treatment Manual 3-5 TxDOT 03/2017



Chapter 3 — Material Selection and Plan Section 2 — Selection of Binder
Preparation

Spot Test. To conduct the spot test (Tex-509-C), a small amount of asphalt is dissolved in a solvent
and dotted on a filter paper. A positive spot is seen as a ring of dark material deposited as the sol-
vent-asphalt blend is absorbed and spreads out on the filter paper. This test is used to screen
asphalts that age excessively in the Thin Film Oven Test (TFOT). Item 300 requires a negative
result for the spot test. A positive spot indicates overheating during the manufacturing process.

Specific Gravity. Specific gravity is not a specification requirement but is a test performed to allow
temperature-volume conversions in the field to ensure proper application rates. Specific gravity is
the ratio of the mass of a given volume of material at 77°F to that of an equal volume of water at the
same temperature.

Thin Film Oven Test. The Thin Film Oven Test (TFOT) is an aging test. This aging simulates the
aging expected in the hot mix asphalt concrete plant.

Viscosity of TFOT Residue. The viscosity of the TFOT residue is measured to limit the aging of
the selected asphalt to a threefold increase over the midpoint of the grade range at 140°F. As an
example, AC-10 has a limit of 3 x 1000 = 3000 poise.

Ductility of TFOT Residue. The TFOT residue is subjected to a ductility test. A dog bone-shaped
specimen is cast and pulled apart at a standard speed and temperature in a water bath. The distance
to rupture is measured. This test provides an empirical measure of the cohesiveness of the asphalt
after aging. It is another limit on the stiffness of the asphalt after aging.

Cutback Asphalt

Cutback asphalt is asphalt cement in which a solvent has been added. The addition of solvent will:

+ allow seal coat work during cooler weather when an asphalt cement would cool and set too
quickly

¢ make the binder used in the cutback more fluid

+ allow application at lower binder temperatures.

The solvent functions as a carrier or application facilitator. After the application, the solvent evapo-
rates leaving the asphalt cement. In this respect, the use of cutback asphalt is a poor use of solvents
that could be used as fuels and these solvents may contribute to air pollution. For these reasons,
TxDOT has continued to reduce the amount of cutback asphalt used in construction and mainte-
nance operations.

There are two general types of cutback asphalt used by TxDOT: rapid curing (RC) and medium
curing (MC). Rapid curing cutbacks contain a solvent in the gasoline-naphtha boiling range.
Medium curing cutbacks contain a solvent in the kerosene boiling range. Since gasoline-naphtha is
more volatile than kerosene, the solvent in rapid curing cutbacks evaporates faster than the solvent
in medium curing cutbacks.
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Heating asphalt binder always constitutes some degree of hazard. The most hazardous are cutback
asphalts because of the highly volatile solvents used. Extreme care must be taken not to allow any
spark or open flame to come in contact with the cutback asphalt or the gases from cutback asphalt
due to the low flash point.

As in asphalt cements, rapid and medium curing cutbacks have a nomenclature that describes their
solvent and viscosity. A cutback is designated as either RC (rapid curing) or MC (medium curing)
to describe the solvent and a number from 30 to 3000 to describe the viscosity. The lower the num-
ber, the more solvent is contained in the product. MC-30 contains approximately 35 to 40 percent
solvent while an MC-3000 contains only about 5 percent solvent.

RC cutbacks are primarily used for surface treatments on base courses and tack coats. MC cutbacks
are primarily used for prime coats and surface treatments on base courses. The specification
requirements for cutback asphalt focus on determining the type and amount of solvent used and the
stiffness of the asphalt cement in the cutback.

Cutback Asphalts

Rapid Curing (RC) Medium Curing (MC) Slow Curing (SC)

Asphalt + Naphtha Asphalt + Kerosene Asphalt + Diesel
Surface Treatment Cold Mix Cold Mix

Prime Coat Dust Palliative
RC - 30 MC - 30 SC - 70
RC - 70 MC -70 SC - 250
RC - 250 MC - 250 SC - 800
RC - 800 MC - 800 SC - 3000

Viscosity. The viscosity of the cutback is determined to ensure that the viscosity is in the range
required by the specification. Viscosity of the cutback is critical to successful application. For
instance, MC-30 is used for priming road base. The viscosity must be low enough that the cutback
will penetrate (soak into) the base material. It must form a waterproof layer and enable successive
asphalt layers to adhere to the base. Each grade of both MCs and RCs has its own viscosity limits.

Flash Point. Flash point is a safety related test. The procedure is similar to that of the asphalt
cement. The container geometry is slightly different, but the result is the same. It provides an idea
of the temperature at which one can expect the material to generate fumes that could ignite.

Distillation. The distillation test is performed for two reasons:
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1. to examine the characteristics of the cutter stock used in the cutback manufacture

2. to examine the characteristics of the residue.

In the test, a sample of cutback asphalt is heated to 680°F. The initial boiling point and the amount
of solvent collected at specified temperatures are measured. At 680°F, the remaining asphalt is
removed from the heat source and poured into a can for further testing.

Specific Gravity. Specific gravity is not a specification requirement but is measured to allow for
temperature-volume corrections in the field.

Penetration/Ductility. These tests are performed on the residue obtained from distillation. They
are indicators of the stiffness and cohesiveness of the asphalt residue. They are performed using the
same procedures described in the Asphalt Cement section.

The following apply to the use of asphalt cement for seal coats:
¢ Recommended for use with pre-coated aggregate.

¢ TXDOT specified product application temperatures 300° F to 375°
F. Recommended 350° F to 375° F.

¢ Designed for very quick application and return to traffic.
Product “thickens” and creates a “bond” with aggregate quickly
as it cools.

¢ Hot Applied products are designed for efficient quick applica-
tions and leave very little room for mistakes.

Emulsified Asphalt

Emulsified asphalt consists of asphalt cement droplets suspended in water (Figure 3-1). This
dispersion, under normal circumstances, would not take place, since oil and water do not mix. If an
emulsifying agent is added to the water, the asphalt cement will remain dispersed.

In the production of asphalt emulsion, water is mixed with an emulsifying agent and is pumped to a
colloid mill along with asphalt (Figure 3-2). The colloid mill breaks the asphalt up into tiny
droplets less than 5 microns in diameter. The emulsifying agent migrates to the asphalt-water inter-
face and keeps the droplets from coalescing, because the asphalt droplets all carry the same electric
charge. The emulsion is then pumped to a storage tank.
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Figure 3-1. Greatl magnified image of emulsified asphalt.

Emulsions are produced for ease of application. Emulsions enable much lower application tempera-
tures to be used. Application temperatures range from 120°F to 160°F. This is much lower than the
275°F to 350°F used for asphalt cements. The lower application temperatures will not damage the
asphalt and are much safer for field personnel.

COLLOID MILL

;~STATOR
ROTOR —— PUMP
Clearance
0.005-0.030" i
¥
I 1l ]

J STORAGE STORAGE ‘ STORAGE ‘

Figure 3-2. Man_uf_a_ctur_e of emulsified asphalt.

After emulsion and aggregate have been applied to the road surface, the emulsion “breaks” leaving
the asphalt cement holding the aggregate. The rate at which the asphalt globules separate from the

water phase is referred to as the “breaking” or “setting” time. The rate of breaking is controlled pri-
marily by the specific type and concentration of the emulsifying agent used, as well as atmospheric
conditions.

The fact that different aggregate types have different rates of absorption means that breaking is also
related to the relative absorption characteristics of the aggregate used. Those with higher absorption
rates tend to accelerate the breaking of the emulsion due to the more rapid removal of water.
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When the emulsion and the aggregate are oppositely charged, the initial break develops through the
electrochemical charge between the emulsion and the aggregate. The main bond of strength
between the asphalt film and the aggregate comes after the loss of water. The breaking or setting
rate may be affected by the following factors:

porosity of the aggregate

moisture content of the aggregate

weather conditions (temperature, humidity, wind)
emulsion and aggregate temperature

mechanical forces (traffic, rolling)

cleanliness of aggregate

type and amount of emulsifying agent

® ¢ 6 6 6 o o o

intensity of charge on aggregate versus intensity of emulsifier charge.

Asphalt emulsions are divided into three categories: anionic, cationic, and non-ionic. In practice,
only the first two are used for surface treatments and seal coats. The anionic and cationic classes
refer to the electrical charges surrounding the asphalt particles. Cationic emulsions have a positive
(+) electrical charge and anionic emulsions have a negative (-) electrical charge. Aggregates for use
with emulsions should not be precoated because the precoating inhibits the chemical break, absorp-
tion, and adhesion of the emulsion to the rock. In general, cationic emulsions will break and set
more quickly than anionic emulsions. In high humidity or cooler weather, cationic emulsions can
break and set more quickly than anionic emulsions due to the electrochemical reaction between the
aggregate and the binder in addition to evaporation of the water. Anionic emulsions tend to work
well in low humidity or warm weather conditions.
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Anionic Cationic
Figure 3-3. Basic emulsion types.

Emulsions are named to describe their type, speed of break, and viscosity. A designation of “C” is
used for cationic emulsions. Emulsions not using a “C” are anionic. Speed of break is designated by
“RS” for rapid set, “MS” for medium set, and “SS” for slow set. The residue viscosity is designated
by a number, usually a “1” or “2.” The “1” is a low viscosity emulsion used for such applications as
fog sealing or cold weather applications where we want the emulsion to flow into cracks and crev-
ices. The “2” is a high viscosity emulsion used for such applications as seal coats and surface
treatments. If the number is followed by the letter “H,” the emulsion has a harder base asphalt. If
the number is followed by the letter “P,” the emulsified asphalt contains a polymer. For example,
CRS-2P is a cationic, rapid setting, high viscosity emulsion with polymer.

High-float (HF) emulsions, such as HFRS, have a quality that permits a thicker asphalt film on the
aggregate particles and prevents drain-off of asphalt from the high points of the road surface.

Some properties of emulsions can be enhanced by the addition of polymers. Advantages of poly-
mer-modified emulsions are:

& To increase the viscosity of the residual asphalt and thus minimize bleeding

¢ To maximize aggregate retention

& To enhance flexibility over time.
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Specification Tests

Tests for asphalt emulsions are devised to measure the emulsion properties, since these are the
properties needed for handling and breaking, and the residual asphalt properties, since these will be
the properties of the asphalt after break.

Viscosity. The viscosity of the emulsion is measured to determine uniformity and conformance to
application needs. In the test a sample is brought to the test temperature (77°F or 122°F) and poured
into the Saybolt viscometer. The flow of emulsion through an orifice into a flask of known volume
is timed. When the flask is filled, the number of seconds is recorded and checked against
specifications.

Sieve Test. This test measures the amount of foreign material or unemulsified asphalt in the emul-
sion. These materials can clog nozzles in a distributor truck and result in non-uniform application.
A sample of emulsion is poured through a screen with specific opening sizes. Material retained on
the screen is measured and expressed as a percent of the original emulsion.

Demulsibility. This test measures the stability of the emulsion (resistance to break) and distin-
guishes between RS, MS, and SS types. In the test a known amount of chemical (Calcium Chloride
for anionic emulsions and Sodium Dioctyl Sulfosuccinate for cationic emulsions) is added to a spe-
cific amount of emulsion. The amount of emulsion that breaks is measured and reported as a
percent of the amount of asphalt in the emulsion.

Distillation. In this test we measure the amount of asphalt in the emulsion and secure a sample of
the residual asphalt for further testing. A known amount of emulsion is heated in a still to either
350°F or 500°F, depending on the requirements of each material. This heating drives off the water.
The remaining asphalt is weighed to determine the asphalt content of the emulsion. The residual
asphalt is poured into molds (penetration, ductility, or float) for further testing.

Penetration. The penetration of the residual asphalt is measured to determine stiffness. The proce-
dure is identical to that of asphalt cements.

Ductility. The ductility of the residual asphalt is measured to determine cohesiveness. Polymer-
modified emulsions will get a low-temperature ductility measurement. The test procedure is identi-
cal to that for asphalt cement.

Float Test. The float test is a measure of the stiffness of the residual asphalt, but it is specifically
designed to show the gel structure in a high float emulsion residue. A thimble-shaped mold with no
top or bottom is filled with molten asphalt and allowed to cool. This mold is attached to a funnel-
shaped float with the filled thimble plugging the hole in the funnel. This whole setup is floated in a
140°F water bath until the asphalt flows from the thimble and the float apparatus sinks. The number
of seconds until sinking is reported.
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Weather Conditions

The weather conditions in the location where the seal coat is to be placed must be evaluated to
determine the proper binder and aggregate combination. Considerations should be given to the
following:

o extremely hot weather, which will lower viscosity and reduce cohesion of the binder

& cool weather during or after seal coat placement, which may result in a hardening of the binder
and loss of aggregate

+ uncertain weather in conjunction with varying temperature and/or humidity.
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General

Section 3 — Selection of Aggregate

The aggregate in a seal coat or surface treatment serves the following functions:

*

It is resistant to the abrasion of moving wheel loads and transfers the wheel load to the under-
lying layers.

It provides a skid-resistant surface.
It may provide light-reflecting qualities.

It may provide a different texture or color to distinguish areas, such as shoulders and travel
lanes.

There are two broad categories used to describe the aggregates used in Texas for seal coats and sur-
face treatments: natural and synthetic.

Natural Aggregates

L 2

Crushed gravel — natural gravel that has been crushed to change the particle shape from round
to angular and the surface from smooth to rough.

Crushed stone — large stone or pieces of bedrock that have gone through a series of crushing
processes. In Texas, this stone is predominantly limestone, but also includes sandstone.

Natural limestone rock asphalt — limestone rock asphalt is a limestone that is naturally impreg-
nated with asphalt.

Synthetic Aggregates

*

Lightweight aggregate — expanded shale, clay, or slate produced by a rotary kiln method. Due
to its low specific gravity (or light weight) it tends to cause less windshield and vehicle dam-
age. It also has excellent skid-resistant properties.

Crushed slag — produced as a by-product of steel production. When crushed and used as a seal
coat aggregate, it can give good wear and skid resistance.

Factors of Aggregate Affecting Performance

Maximum Particle Size and Gradation

It is desirable that aggregates used for seal coats and surface treatments consist of essentially one

size of aggregate. If all of the aggregate particles are about the same size, embedment depth will be
the same for each particle contributing to successful performance of the seal coat. Very fine aggre-
gate particles are likely to become submerged in the asphalt. For practical purposes, specifications
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allow some oversize and some undersize particles. TXDOT Standard Specification Item 302,
Aqggregates for Surface Treatments, describes the size and gradation requirements for aggregates
used in seal coats and surface treatments.

The maximum particle size refers to the largest size allowable. For example, according to the spec-
ification, a Grade 3 aggregate has a maximum particle size of 5/8 inch, and a Grade 4 has a
maximum particle size of % inch. A successful seal coat is more generally achieved when larger
size cover aggregate is employed. This is because the larger aggregates are less sensitive to small
variations in binder application rate than when smaller cover aggregates are used. Larger size
aggregates, however, also tend to create more tire/pavement noise and are more likely to cause
vehicle damage when dislodged from the pavement.

a. Graded aggregates make it difficult to achieve consistent embed-
ment depth.

(b) Single size gradation produces consistent results.
Figure 3-4. Gradation comparisons

Cleanliness. If aggregate is excessively dirty or dusty, asphalt binder will not be able to hold the
aggregate particles securely in place. The asphalt will stick to the coating of dirt or dust, and with
traffic the aggregate particles will dislodge. The aggregate must also be free of foreign matter such
as leaves, grass, sticks, and lumps of clay or dirt. Cleanliness is measured by the Deleterious Mate-
rial Test (Tex-217-F, Part I) and the Decantation Test (Tex-406-A).

Shape. The ideal shape of aggregate particles for seal coats and surface treatments is a shape that is
as near to cubical as possible. When the seal coat aggregate is in place, traffic gradually orients the
particles until each is lying on its flattest side with its thinnest dimension generally perpendicular to
the roadway surface. (Figure 3-5).
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Figure 3-5. Effect of aggregate shape.

The average thickness of the seal coat when the aggregate particles attain this ultimate position is
equal to the overall average of the thinnest dimensions of the stone particles. This overall average
of the smallest dimensions of the particles is referred to as its Average Least Dimension (ALD).
This ALD is important for two reasons:

1. It can control the quantity of cover stone and asphalt binder that should be applied.
2. ALD values can differ widely for any given maximum aggregate size due to particle shape.
The ALD will be discussed in more detail in Chapter 4. TXDOT specifications (Item 302, Aggre-

gates for Surface Treatments) refer to the Flakiness Index, as measured in Test Method Tex-224-F,
to control the aggregate shape. The lower the Flakiness Index, the more cubical the aggregate is.

Angularity is also an important shape characteristic (Figure 3-6) . The more angular the
stone, the better the interlocking because there are many points of contact. Angularity for crushed
gravel is measured by the Coarse Aggregate Angularity Test (Tex-460-A, Part I).
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0% Crushed / 100% with 2 or more crushed faces
Figure 3-6 Percent crushed fragments iIn gravels.

Toughness. The aggregate must be able to resist abrasion and degradation. If the aggregate surfaces
degrade under traffic, particles may break apart, broken pieces may dislodge (causing windshield
damage), and flushing will likely result. These aggregate properties are measured by the Los Ange-
les Abrasion Test (Test Method Tex-410-A) and Magnesium Sulfate Soundness Loss (Test Method
Tex-411-A).

Aggregate Absorption (uncoated). All aggregates are somewhat porous and will absorb water as
well as asphalt. Limestone and lightweight aggregates are more absorptive than aggregates such as
gravel. The amount of binder applied to the roadway should compensate for absorption into the
cover aggregate. More absorptive aggregates also tend to have a higher affinity for asphalt (adhere
better to the asphalt binder).

When aggregates are used that have a lower affinity for asphalt, extra care should be taken with
respect to dryness and cleanliness of the aggregate, dry roadway surface, and dry weather.
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Figure 3-6. Aggregate before and after Los Angeles Abrasion test.

Precoated Aggregate

Aggregates may be precoated with asphalt binder to address the following issues:
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To maximize adhesion of the aggregate to asphalt cement binders
To reduce or minimize the accumulation of dust on the surface of the aggregate

To address the aggregate absorption quality of the aggregate

* & o o

To improve color contrast between striping and roadway surface.

Asphalt binders for precoating aggregates can be emulsions or asphalt cements. The target value of
precoating material typically varies from 0.5 to 1.5 percent (0.5 to 3.0 percent for lightweight
aggregate), by weight, of residual binder on the aggregate.

When the seal coat binder is to be an asphalt cement, precoating of the aggregate is recommended
to maximize adhesion and reduce the adverse effect of dust. In general, precoated aggregate is not
recommended when asphalt emulsions are used.

Criteria for Determining Surface Aggregate Classification

The aggregates selected for use in seal coats or surface treatments should provide sufficient friction
to satisfy the frictional demands of the roadway. The TXDOT Wet Weather Accident Reduction
Program (WWARP) provides methods to ensure that pavements with good skid-resistant character-
istics are constructed. The guidelines address three separate but interrelated aspects of pavement
friction safety: accident analysis, aggregate selection, and skid testing.

For complete details on aggregate selection, refer to the TXDOT WWARP in the Pavement Design
Manual. The designer should consider the guidelines presented in the WWARP and, using engi-
neering judgment, determine the overall frictional demand of the roadway surface. TxDOT
Standard Specification Item 316, Seal Coats, states “.... unless otherwise shown on the plans,
furnish aggregate with a minimum “B” (i.e., A or B is permitted) surface classification.”

Cost Considerations

Another factor in selecting the aggregate is the cost of the material. Consider the desired life of the
seal coat before deciding on the type and classification of aggregate. If the road is to be recon-

structed/resurfaced in the near future or if the seal coat is to be applied as an underseal for a hot mix
asphalt concrete (HMAC) overlay, higher quality/more expensive aggregate may not be necessary.

Some aggregates may not be available from local sources and will be more expensive due to trans-
port costs. Aggregates such as lightweight aggregates and limestone may be more desirable due to
certain qualities; but these aggregates may not be available from local sources.
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Section 4 — Planning and Contracting

Calculate Quantities

One of the first steps in the planning process is to determine the quantity of materials needed. This
begins with determining how much roadway is to be covered.

The length and width of roadway to be seal coated must be determined to estimate material quanti-
ties. The length of the roadway should be obtained using the station numbers or a distance-
measuring instrument (DMI).

Once the longitudinal distance has been determined, the area is computed by multiplying the longi-
tudinal distance (length) by the width of the road, in feet. This total area will be expressed in square
feet and must be converted to square yards by dividing the total area by 9. Asphalt application rates
are expressed in gallons per square yard, and aggregate application rates are based on cubic yards
(of aggregate) per square yard of roadway.

If different materials will be used on the shoulders, they should be calculated separately. To pro-
mote cost savings, a TXDOT directive states to limit seal coat on shoulders four feet or greater in
width to every other seal coat cycle. Crack sealing on shoulders should be used as part of the over-
all maintenance plan and is a less expensive means of keeping water out of the substructure.

Estimate of Materials

An estimate of the material quantities can be made after the roadway area has been computed. It
should be understood that the actual application rates of binder and aggregate should be based on a
design procedure as described in Chapter 4 after aggregate is delivered and before construction
starts. For planning purposes, it is only necessary to estimate the application rates of binder and
aggregate. While the actual binder rate may vary in the wheelpath versus outside the wheelpath,
and the binder/aggregate rate may vary in the travel lanes versus the shoulders, it is only necessary
to use an overall average rate for estimating materials. Application rates for any binder and aggre-
gate combination can vary considerably. The estimated application rates should be based on site-
specific conditions and local experience.

Preparing Plans

For seal coat contracts, plans should include a title sheet, general notes, specification data, a sum-
mary of quantities, project location and limits, and standard sheets. Additional decisions regarding
plan information may include the following:

& Any special site-specific requirements that need to be addressed?
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& Any repairs and patching that need to be part of the project plans?

¢ Any “no-work areas” that need to be shown on plans including whether bridge decks are to be
seal coated?

Estimating Cost

For estimating seal coat contract costs, review previous unit bid prices and average unit bid prices.
Average district and statewide unit bid prices can be obtained from the Construction Division’s
(CST) monthly report for construction and maintenance contracts. This report can be found through
the TXDOT website.
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Section 1 — Modified Kearby Design Method

General

The design method described in this section is based on a modification of the original Kearby
method and was first recommended to TXDOT by Texas Transportation Institute in 1981 (Epps et
al., 1981). It is still the method most commonly used by TxDOT today. A formal design method
such as this can effectively serve to guide inexperienced personnel through the “art” of seal coat
design and to train personnel including inspectors, designers, and laboratory personnel. Correction
factors for binder application rates for varying conditions including traffic and surface condition
may be developed for conditions unique to a district and will ensure a much faster learning curve
for inexperienced personnel. Examples of some adjustment factors, which were developed by the
Brownwood and Abilene districts, are shown in Appendix A. Sample calculations are shown in

Appendix B.

A design method such as described herein should be used to determine initial binder and aggregate
application rates, but it should not take the place of good engineering judgment. Field conditions
will require the adjustment of both binder and aggregate rates.

Laboratory Tests

This design methodology requires the knowledge of some physical characteristics of the aggregate,
such as unit weight, bulk specific gravity, and the quantity of aggregate needed to cover one square
yard of roadway. Once the contractor has identified the aggregate to be used for the seal coat, sam-
ples of the stockpiled materials should be obtained to perform the following laboratory tests:

o Dry Loose Unit Weight—TxDOT Test Method Tex-404-A

o Bulk Specific Gravity—TxDOT Test Method Tex-403-A for all natural aggregate and Tex-
433-A for lightweight aggregates

¢ Board Test—described below.

Determining Design Rates

Aggregate Spread Rate. The Board Test is used to find the quantity of aggregate on a board of
known aggregate such that full coverage, one stone in depth, is obtained. A one-half square yard
area is a convenient laboratory size. The weight of aggregate applied in this area is obtained and
converted to units of pounds per square yard. Good lighting is recommended and care should be
taken to place the aggregate only one stone deep. The quantity of aggregate needed to cover one
square yard of roadway can also be determined in terms of volume as shown in Equation 4.1.
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S=2TW/0
Equation 4-1. .

where:

& S =quantity of aggregate required in square yards per cubic yard (SY/CY);
¢ W =dry loose unit weight in pounds per cubic foot (Ibs/CF); and

¢ Q = aggregate quantity determined from the board test (Ibs/SY).

Asphalt Application Rate. The asphalt application rate for asphalt cement can be obtained from
Equation 4.2 once the aggregate properties and existing roadway conditions are known.

A=5618(1-W/624hT+ 1V
Equation 4-2.

where:

& A =asphalt rate in gal/SY at 60°F

¢ E =embedment depth calculated using Eq. 3
G = dry bulk specific gravity of the aggregate

T = traffic correction factor (see Table 4-1)

* & o

V = correction for surface condition (see Table 4-2).

H=g#j
Equation 4-3.
where:

¢ d=average mat depth in inches, as calculated from Eq. 4

& e = percent embedment expressed as a decimal from Figure 4-1.

d=1330/W
Equation 4-4.

where:
¢ Q =aggregate quantity determined from the board test in Ibs/SY
o W =dry loose unit weight in 1bs/CF.
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Figure 4-1. Relation of Percent Embedment to Mat Thickness for Determining Quantity of
Asphalt. (After Epps et al., 1981)

Table 4-1. Asphalt Application Rate Correction for Traffic.

Traffic — Vehicles per day per lane

Traffic Correction Factor (T) >1000 500-1000 250-500 100-250 <100

Traffic Correction Factor (T) 1.00 1.05 1.10 1.15 1.20

Table 4-2. Asphalt Application Rate Correction for Existing Pavement Surface Conditions.

Description of Existing Surface Correction for Surface Condition (V), gal/SY
Flushing, slightly bleeding surface -0.06
Smooth, nonporous surface -0.03
Slightly porous, slightly oxidized surface 0.00
Slightly pocked, porous, oxidized surface +0.03
Badly pocked, porous, oxidized surface +0.06
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These surface conditions may vary throughout the project, and adjustments should be made
accordingly.

Adjustment for Asphalt Emulsions or Cutbacks. For emulsions, the application rate (A
from Eqg. 2) should be increased to take into account the water in the emulsion. Therefore,
Equation 5 is presented to determine the recommended emulsion application rate. In theory,
the asphalt cement rate from Eq. 2 can be converted to the required emulsion rate by dividing
this amount by the residual asphalt present in the emulsion. However, field experience shows
that if this value is utilized, flushing is likely to occur. Therefore, the recommended emulsion
application rate is adjusted as shown below:

Arecommended = A+ K(Atheoretical -A)
Equation 4-5.

where:

Arecommended = recommended quantity of emulsion

A = asphalt application rate from Eq. 2

K = seasonal adjustment factor as shown below

Atheoretical = theoretical quantity of emulsified asphalt, (A/R).
where:

R = percent residual asphalt in the emulsion expressed as a decimal. Check with supplier to deter-
mine percent residual asphalt content of emulsion.

Suggested K factors for emulsions are as follows:
K =0.60 for spring construction

K = 0.40 for summer construction

K =0.70 for fall construction

K =0.90 for winter construction.

Suggested K factors for cutbacks are as follows:
K =0.70 for spring construction

K =0.60 for summer construction

K =0.80 for fall construction

K =0.90 for winter construction.

The K factors have not been verified by extensive controlled field experiments and therefore should
only be used as a guideline.

Refer to Appendix B for a sample calculation.
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Section 2 — McLeod Design Method

General

In the late 1960s Norman McLeod (1969) presented the following design method which was later
adapted by the Asphalt Institute (1979, 1983) and the Asphalt Emulsion Manufacturers Association
(1981). In this method, the aggregate application rate depends on the aggregate gradation, shape,
and specific gravity. The binder application rate depends on the aggregate gradation, absorption
and shape, traffic volume, existing pavement condition, and the residual asphalt content of the
binder. It should be noted that this method was developed primarily for use with emulsion binders
and has not been verified in Texas.

The McLeod method is based on two basic principles:

1. The application rate of a given aggregate should be determined such that the resulting seal coat
will be one-stone thick. This amount of aggregate will remain constant, regardless of the
binder type or pavement condition.

2. The voids in the aggregate layer need to be 70 percent filled with asphalt for good performance
on pavements with moderate levels of traffic.

Design Procedure Components

Median Particle Size. The Median Particle Size (M) is determined from the aggregate gradation
chart. It is the theoretical sieve size through which 50 percent of the material passes. The following
sieve sizes should be used:

Sieve Sizes

1inch

Y% inch

% inch

inch

Y4 inch

No. 4

No. 8

No. 16

No. 50

No. 200
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Flakiness Index. The flakiness index (FI) is a measure of the percent, by weight, of flat particles. It
is determined by testing a sample of the aggregate particles for their ability to fit through a slotted
plate (TxDOT Test Method Tex-224-F).

Average Least Dimension. The Average Least Dimension, or ALD (H), is determined from the
Median Particle Size and the Flakiness Index. It is a reduction of the Median Particle Size after
accounting for flat particles. It represents the expected seal coat thickness in the wheel paths where
traffic forces the aggregate particles to lie on their flattest side. The ALD is calculated as follows:

- M
1.139285+ (0.011506) FI

Equation 4-6.

where:

¢ H = Average Least Dimension, inches
¢ M = Median Particle Size, inches

¢ FI =Flakiness Index, percent.

Loose Unit Weight of the Cover Aggregate. The dry loose unit weight (W) is determined accord-
ing to TXDOT Test Method Tex-404-A and is needed to calculate the voids in the aggregate in a
loose condition. The loose unit weight is used to calculate the air voids expected between the stones
after initial rolling. It depends on the gradation, shape, and specific gravity of the aggregate.

Voids in the Loose Aggregate. The voids in the loose aggregate (V) approximate the voids present
when the stones are dropped from the spreader onto the pavement. Generally, this value will be
near 50 percent for one size of aggregate, less for graded aggregate. After initial rolling, the voids
are assumed to be reduced to 30 percent and will reach a low of about 20 percent after sufficient
traffic has oriented the stones on their flattest side. However, if there is very little traffic, the voids
will remain 30 percent, and the seal will require more binder to ensure good aggregate retention.
The following equation is used to calculate the voids in the loose aggregate:

V=1-W/t24G
Equation 4-7.
where:

¢ V =\oids in the loose aggregate, in percent expressed as a decimal
+ W = Loose unit weight of the cover aggregate, Ibs/ft3

¢ G = Bulk specific gravity of the aggregate (Tex-403-A for natural aggregates and Tex-433-A
for lightweight aggregates).
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Aggregate Absorption. Most aggregates absorb some of the binder applied to the roadway. The
design procedure should be able to correct for this condition to ensure enough binder will remain
on the pavement surface. McLeod suggests an absorption correction factor, A, of 0.02 gal/SY if the
aggregate absorption is around 2 percent (as determined from Tex-403-A). In the Minnesota Seal
Coat Handbook, it is recommended that a correction factor of 2 percent be used if the absorption is
1.5 percent or higher.

Traffic Volume. The traffic volume, in terms of vehicles per day, plays a role in determining the
amount of asphalt binder needed to sufficiently embed the aggregate. Typically, the higher the traf-
fic volume, the lower the binder application rate. At first glance, this may not seem correct.
However, remember that traffic forces the aggregate particles to lie on their flattest side. If a road-
way had no traffic, the particles would be lying in the same orientation as when they were first
rolled during construction. As a result, they would stand taller and need more asphalt binder to
achieve the ultimate 70 percent embedment. With enough traffic, the aggregate particles will be
laying as flat as possible causing the seal coat to be as thin as possible. If this is not taken into
account, the wheelpaths will likely bleed. The McLeod procedure uses Table 4-3 to estimate the
required embedment, based on the number of vehicles per day on the roadway.

Table 4-3. Traffic Correction Factor, T

Traffic Factor*

Traffic — Vehicles per day

Under 100 100 to 500 500 to 1000 1000 to 2000 Over 2000

0.85 0.75 0.70 0.65 0.60

* The percentage, expressed as a decimal, of the ultimate 20 percent void space
in the aggregate to be filled with asphalt.

NOTE: The factors above do not make allowance for absorption by the road surface or by absorp-
tive aggregate.

Traffic Whip-Off. The McLeod method also recognizes that some of the aggregate will get thrown
to the side of the roadway by passing vehicles as the seal coat is curing. This loss is related to the
speed and number of vehicles on the new seal coat. To account for this, a traffic whip-off factor (E)
is included in the aggregate design equation. A reasonable value is to assume 5 percent for low vol-
ume, residential type traffic and 10 percent for higher speed roadways. The traffic whip-off factor is
shown in Table 4-4.

Table 4-4. Aggregate Wastage Factor, E*

Percentage Waste Allowed for Traffic Whip-
Off and Handling Wastage Factor, E
1 1.01
2 1.02
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Table 4-4. Aggregate Wastage Factor, E*

Percentage Waste Allowed for Traffic Whip-
Off and Handling Wastage Factor, E
3 1.03
4 1.04
5 1.05
6 1.06
7 1.07
8 1.08
9 1.09
10 1.10
11 111
12 1.12
13 1.13
14 1.14
15 1.15
*(Source: Asphalt Institute MS-19, March 1979).

Existing Pavement Condition. The condition of the existing pavement plays a major role in the
amount of binder required to obtain proper embedment. A new smooth pavement with low air voids
will not absorb much of the binder applied to it. Conversely, a dry, porous and pocked pavement
surface can absorb much of the applied binder. Failure to recognize when to increase or decrease
binder application rate to account for the pavement condition can lead to excessive stone loss or
bleeding. The McLeod method uses the descriptions and factors in Table 4-5 to add or reduce the
amount of binder to apply in the field.

Table 4-5. Surface Correction Factor, S.

Existing Pavement Texture Correction, S
Black, flushed asphalt surface -0.01to-0.06
Smooth, nonporous surface 0.00
Slightly porous, oxidized surface +0.03
Slightly pocked, porous, oxidized surface +0.06
Badly pocked, porous, oxidized surface +0.09

These surface conditions may vary throughout the project, and adjustments should be made
accordingly.
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McLeod Seal Coat Design Equations

The following equations are used to determine the aggregate and binder application rates. While the
results may need adjustment in the field, especially the binder application rate, they have been
shown to provide a close approximation of the correct material quantities.

Aggregate Design Equation. The aggregate application rate is determined from the following
equation:

C = 46.8(1-0.4V)HGE

Equation 4-8.

where:

o C = Aggregate application rate, Ibs/SY

V = \Woids in the loose aggregate, in percent expressed as a decimal (Eq. 7)

H = Average least dimension, inches

G = Bulk specific gravity of the aggregate

E = Wastage factor for traffic whip-off (Table 4-4).

* & o o

Binder Design Equation .The binder application rate is determined as follows:

B 2.244HTV +S+A
R
Equation 4-9.
where:
o B = Binder application rate, gal/SY
o H = Average least dimension, inches
o T =Traffic Correction Factor (based on vehicles per day, Table 4-3)
¢ V =\oids in loose aggregate, percent expressed as decimal (Eq. 7)
¢ S = Surface condition factor, gal/SY (based on existing surface, Table 4-5)
& A = Aggregate absorption factor, gal/SY
¢ R =Percent residual asphalt in the emulsion expressed as a decimal. Check with supplier to

determine percent residual asphalt content of emulsion. For asphalt cement, R = 1.
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Section 3— Transversely Varying Asphalt Rates

General

Transverse variation of asphalt rate (TVAR) is the seal coat practice of varying the amount of
asphalt being applied across the width of the pavement to better match the asphalt needs of the
existing pavement. Figure 4-2 shows a pavement where the texture varies across a pavement and is
a prime candidate for using the TVAR technique. The reason becomes more obvious in the inset
images of the magnified pavement surfaces in the wheel path, on the right, and outside of the wheel
paths, on the left. One can readily see that less new asphalt is needed in the wheel paths to hold the
new aggregate than is needed between the wheel paths. Between the wheel paths, there is some tex-
ture that needs to be filled with asphalt before the remaining asphalt can effectively embed and hold
the new aggregate. So when shooting one rate across the pavement width, either there is more
asphalt than needed in the wheel paths, with the obvious consequences, or you have at best mar-
ginal asphalt being placed between the wheel paths, which increases the chance of losing
aggregate.

% B

o ;1‘-'..\“-4-'?:- TR
Figure 4-2. Pavement texture varying across a pavement.

TVAR can improve the performance of seal coats, particularly those placed on pavements with
flushed wheel paths. Existing wheel path flushing can be reduced and sometimes eliminated,
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thereby significantly improving skid properties of the roadway while still providing adequate
asphalt outside of the wheel paths to hold the new aggregate.

A common misconception is that TVAR reduces the amount of asphalt being placed on the road-
way. TVAR actually increases the total amount of asphalt being used if prior practice has been to
design the asphalt rate based only on wheel path conditions.

Optimal performance requires that the wheel path need for asphalt be met as accurately as possible.
Then with TVAR, the asphalt rate outside of the wheel paths is increased. The net result is that
more asphalt is usually placed on the roadway than would have otherwise occurred.

Considering Why and When to Require TVAR

Why Use TVAR? The purpose of using TVAR is to improve roadway safety and increase seal lon-
gevity. If prior practice has been to attempt to average the need for asphalt across the pavement
being sealed, future use of TVAR will both diminish the occurrence or reoccurrence of wheel path
flushing and improve aggregate retention outside of the wheel paths. These improvements will
increase skid resistance, providing a safer roadway for the travelling public.

TxDOT districts frequently using TVAR report that TVAR improves seal coat performance. In
some cases it is possible to completely eliminate the return of wheel path flushing.

Asphalt and Aggregate Considerations. Asphalt type and grade are not factors when considering
the use of TVAR. Districts using this seal coat method specify both hot asphalt cements and emul-
sions. TVAR has limited but successful use with asphalt rubber.

Aggregate type is not a factor. Districts have successfully used lightweight and hard rock aggre-
gates, precoated and plain aggregates, and grades 3 and 4.

Existing Pavement Type Considerations. TVAR seal coats may be placed on any pavement sur-
face. However, their greatest value is obtained when placed over existing seal coats where flushing
has significantly reduced texture in the wheel paths. It is recommended that districts without expe-
rience with TVAR begin with applications over existing seal coats with wheel path flushing.

Selecting Roadway Sections Appropriate for TVAR by Visual Appearance. The degree to
which texture differs across the roadway is a direct indicator of desirability to transversely vary the
asphalt rate. Figures 4-3 through 4-9 show pavements where textures vary across the roadway to
differing degrees. The first five pavements are desirable candidates for TVAR use, and the sixth and
even the seventh may be possibilities if the contractor’s equipment is capable of small percentage
TVARSs.

The conditions of the roadway wheel paths in Figures 4-3 and 4-4 clearly indicate need for correc-
tive action. While TVAR should be used when the next seal coat is placed on roadways similar to
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these two, other corrective treatments are usually required in addition to TVAR to obtain significant
and long term wheel path texture improvements.

The roadways in Figures 4-5, 4-6, and 4-7 have somewhat less wheel path flushing. These are ideal
situations for improving future seal coat performance with TVAR.

The lane in Figure 4-8 has a just-perceptible wheel path color difference. It is a candidate for TVAR
only if the contractor can vary the asphalt rate by small percentages.

The lane in Figure 4-9 has no readily visible texture difference in the wheel paths. This pavement
surface is a one-year-old maintenance seal coat within the limits of a district seal coat program
pavement. Pavements in this condition are definitely inappropriate for higher percentage TVAR
and usually are not given an even smaller percentage TVAR treatment.

For Figures 4-3 through 4-9, “WP” in the red circle represents a close up of the wheel path, and
“BWP” in the blue circles represents a close-up of the road section between the wheel paths.

Figure 4-3. Lane with severe flushing.
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Figure 4-5. Lane with moderate flushing.
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Figure 4-6. Lane with mild to moderate flushing.

Figure 4-7. Lane with mild flushing.
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Figure 4-9. Lane with no wheel path color difference.

Current practitioners have identified several situations where they recommend avoiding TVAR use:

¢ When a Grade 5 aggregate is being used
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o When shooting emulsions on full super-elevated curves, as it may increase asphalt migration
prior to rock placement

& Onnew construction because the degree of potential benefit is small compared to potential loss
of performance due to smaller amounts of asphalt sealing the pavement where stresses are the
greatest

On shoulders and other non-traffic locations
In continuous left-hand turn lanes where traffic patterns are random

In intersections where the side street also carries considerable traffic volume

* & o o

On flushed or bleeding hot mix pavements that may have stripping or an otherwise unstable
pavement layer below.

Specifying TVAR

Since Standard Specification Item 316 already allows transverse variation in asphalt rate, it is only
necessary to insert a note in the plans that invokes and further defines this requirement. The recom-
mended plan note is:

“In addition to other asphalt distributor requirements, the asphalt distributor shall be capable of pro-
viding a transversely varied asphalt rate. The Contractor shall demonstrate that the distributor can
apply an asphalt rate outside of the wheel path locations between 22 and 32 percent higher than the
asphalt rate being applied in the wheel paths. The contractor’s calibration of the distributor will
include verification of this capability and a description of the spray bar(s) and nozzles to be used.
The percentage difference in asphalt rate provided by each tested spray bar and nozzle arrangement
shall be provided to the Engineer. The Engineer will select the pavements where the transversely
varied asphalt rate is to be provided.”

Requiring that contractors be able to provide at least one TVAR between 22 and 32 percent should
allow every contractor to meet this requirement by using differing standard nozzle sizes across a
single spray bar. A study of nozzle sizes conducted in the Brownwood District determined this per-
centage range.

Some contractors have distributors with dual spray bars and separate computer controllers. These
contractors have the ability to vary asphalt rates over a much broader range than that suggested for
the plan note.

Determining Design Asphalt Rates for Wheel Paths

The design asphalt rate for each roadway must always be the rate deemed optimal for the wheel
paths to hold the new wheel path aggregate without the asphalt later flushing to the surface. The
first section of this chapter, “Modified Kearby Design Method,” describes the method for determin-
ing design rate for the wheel paths.
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Determining TVAR Percentage for Outside the Wheel Path

Once the design asphalt rate has been determined for the wheel paths of a given roadway, the next
decision is whether the asphalt rate should be increased outside of the wheel paths and, if so, how
much it should be increased.

TVAR With Single Bar Distributors. When the contractor is using a distributor with a single
spray bar and only one TVAR increase is practical, the decision to be made is whether or not to vary
the asphalt rate on a given pavement. TVAR is recommended in the specified 22 to 32 percent
range whenever wheel path flushing is as evident as in the roadways shown in Figures 4-3 through
4-7. Otherwise, no variation in asphalt rate is usually the best choice.

TVAR With Dual Bar Distributors. When the contractor has the capability of varying asphalt
rates at percentages below the specified range, such as when using dual spray bar distributors, a
broader and more optimal use of TVAR is possible. An asphalt rate increase between 10 and 15 per-
cent is also recommended for roadways similar to the one shown in Figure 4-8. An asphalt rate
increase of no more than 10 percent is recommended if TVAR is to be used on sections of roadway
similar to Figure 4-9.

Dual spray bar distributors provide inspectors the flexibility to vary asphalt rates in small incre-
ments throughout their broad ranges of variation capability. Experienced inspectors are able to take
advantage of this flexibility and prescribe small incremental changes in TVAR from one asphalt
shot to the next based on small differences observed in the pavement being sealed. Seal coat con-
tractors with a lot of TVAR experience can often provide good advice to be considered by the
inspector. When neither the inspector nor the contractor has considerable experience in transversely
varying the asphalt rate, it is suggested that the decision making be simplified to choosing between
three options: no increase, 15 percent increase, and 30 percent increase. The decision between these
three may be based on comparison of the roadway to be sealed to the roadways in Figures 4-3
through 4-9.

Texture Testing When Uncertain About TVAR. A simple and quick pavement surface test is
available and should be used when there is any uncertainty about the TVAR difference to be
selected. This is the sand patch test, which takes only minutes to run and is described in Tex-436-A.

Figures 4-10 and 4-11 show this test being performed on a pavement surface.

On windy days, the test may be performed inside a wind shield as is being used in Figure 4-10. The
diameter of the resulting “patch” will vary as pavement texture varies because the same volume of
sand is always used. The greater the volume of void space created by the pavement’s texture, the
smaller the patch diameter will be. The difference in patch diameters when the test is run in the
wheel path and between the wheel paths gives a quick and revealing indication of the appropriate
variation in the asphalt rate to use.
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Figure 4-11. Measuring four diameters of the resulting circle for averaging.

To give an indication of how sand patch diameters vary on different pavement textures, the average
diameters found when testing the sections of pavement shown in Figures 4-3 through 4-9 are shown
in Table 4-6. The test results can reveal texture differences across the roadway that otherwise would
go undetected if relying solely on visual observation. The notes below Table 4-6 describe two such

instances.
Table 4-6 Sand Patch Results
Sand Patch Average Diameters, mm
Roadway and Condition Between Wheel
Wheel Path Paths Difference
Figure 4-3 — Severe Flushing of Grade 3 Seal Coat 199 111 88
Figure 4-4 — Moderate to Severe Flushing of Grade 3 200 117 83
Seal Coat
Figure 3-5 — Moderate Flushing of Grade 3 Seal Coat 174 129 45
Figure 4-6 — Mild to Moderate Flushing of Grade 3 Seal 177 129 48
Coat
Figure 4-7 — Mild Flushing of Grade 3 Seal Coat 184 121 63*

Seal Coat and Surface Treatment Manual
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Table 4-6 Sand Patch Results

Sand Patch Average Diameters, mm

Roadway and Condition Between Wheel
Wheel Path Paths Difference
Figure 4-8 — Slight Color Difference across Recent 121 99 22

Grade 4 Seal Coat

Figure 4-9 — No Visible Color Difference across Recent 121 112 g**
Grade 4 Seal Coat

NOTE: * This higher difference was at first surprising until close observation of the pavement in
Figure 4-7 revealed that some of the aggregate has been lost between the wheel paths,
exposing a sharper underlying aggregate. This sharper aggregate between the wheel paths
apparently increased the difference in texture across the roadway beyond what would have
otherwise been expected.

** The sand patch test revealed a difference in pavement texture in the wheel paths even
though no visual indication could be observed.

Table 4-7 provides general guidance for relating sand patch test results to desirable asphalt rate
increases for outside of the wheel paths. It is recommended that a minimum of four randomly
spaced locations be tested and the results averaged.

Table 4-7. General Guidance for Interpreting Sand Patch Test Results

Difference in Sand Patch Average Asphalt Rate Increase Outside of
Diameters, mm Wheel Paths*
Less than 20 None
21 to 50 15%
Greater than 50 30%

NOTE: *The user is cautioned that the guidance in Table 4-7 is based on limited data and it only
considers difference in pavement texture across the roadway. Users are encouraged to
refine these parameters based on their own experience with local materials sources and cli-
matic and traffic conditions.

Calibrating and Inspecting the Asphalt Distributor for TVAR

There are several additional distributor checks which should be done by the contractor and
observed by the inspector when TVAR is used.

Nozzle Selection and Position. The selection of nozzles to provide the desired asphalt rate varia-
tion is a contractor decision to be verified during the additional distributor calibration run or runs.
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The inspector, however, must define the desired wheel path locations to allow the contractor to
position the larger nozzles appropriately. Potential nozzle configurations to establish three-foot
wheel path locations for various roadway widths are shown in Table 4-8. Many factors affect where
the majority of traffic will track on a given roadway. The inspector may elect to use a different noz-
zle configuration than that shown to better approximate average wheel path locations on given

roadways.
Table 4-8. Suggested Nozzle Configurations
Center Line to Wheel Path to
Lane Width, Wheel Path Inside Wheel Between Wheel | Outside Wheel | Pavement Edge
Feet Nozzles Path Nozzles Path Nozzles Path Nozzles Nozzles
9 1 9 6 9 2
10 2 9 6 9
11 4 9 6 9 4
12 5 9 8 9 5
12 6 9 8 9 4
(with edge line)
13 7 9 8 9 6

NOTE: This table is based on recommendations provided by the Brownwood and Bryan Districts.

Setting Computerized Distributor Controls. Modern asphalt distributors have computer controls
for the asphalt rates to be applied. The contractor and inspector must understand the meaning of the
asphalt rate entered into the distributor’s computerized controller(s).

When a distributor with a single spray bar is being used, unless otherwise indicated in the distribu-
tor’s operation manual, the computer setting establishes the total amount of asphalt to be applied.
Therefore, when transversely varying asphalt rate with a single spray bar, the correct asphalt rate to
be set on the distributor’s computer controller is the average asphalt application rate. The average
asphalt application rate is determined by the formula below.

[(L/100) x (V/100) x R] + R = Average Rate

Where

L = % of larger nozzles = (number of larger nozzles/total number of nozzles) x 100
V = % increase in asphalt rate selected for outside of the wheel paths, and

R = design rate of asphalt application for the wheel paths in gallons/SY.

Correct determination and entry of the average asphalt rate into the distributor’s computer control-
ler is a critical point for inspection prior to beginning TVAR seal coat operations. When a
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distributor with dual spray bars and having separate computer controllers is being used, the asphalt
rate to be entered into each computer is the specific rate expected from the spray bar that each com-
puter controls. Equipment operator’s manuals should be consulted to verify proper computer
entries.

Calibrating the Distributor to be Used for TVAR. The asphalt distributor must be calibrated as
required for uniform asphalt rate applications as well as being demonstrated capable of applying
asphalt at the TVAR percentage(s).

When the distributor is capable of varying the asphalt rate incrementally and over a wide range, the
inspector should request that the contractor demonstrate specified application accuracy and unifor-
mity with no asphalt variation across the bar and also at two variation rates, 15 and 30 percent.
Proving ability to apply asphalt in these three manners adequately demonstrates capability through-
out the covered range provided that the same selection of nozzle sizes is being used.

Determining When Adjusting TVAR Is Appropriate

Observations of the resulting seal coat are the basis for adjusting TVAR percentages or for going
back to uniformly applied asphalt. The same inspection techniques appropriate for determining if
uniformly applied asphalt rates are proper are used when inspecting TVAR seal coats.

Primarily, inspection is by observation of embedment depth both inside and outside of the wheel
paths. The inspector should observe embedment depths immediately after rolling and then later
after the pavement has been exposed to traffic for a day or two. Normally, approximately 30 percent
embedment is desired in the wheel paths after rolling. Slightly higher embedment percentages out-
side of the wheel paths are satisfactory immediately after rolling. Wheel path aggregate embedment
should ideally be seen to increase to 35 to 40 percent within several days under traffic.

Figure 4-12 may be helpful in making this determination as it shows a maximum desirable embed-
ment percentage after several days of traffic.
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. .,
Figure 4-12. Wheel Path Aggregate Embedment Close-Up.
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Section 1 — Authority of Inspector

General

An inspector serves as a representative of the project engineer. The project engineer has direct
responsibility to ensure that all the work is performed in accordance with the contract that includes
all plans, specifications, and other documents associated with the project. The engineer’s decisions
are final with regards to questions of quality or acceptability of materials furnished and work per-
formed; the manner of performance and rate of progress; the interpretations of plans and
specifications; and the acceptable fulfillment of the contract. Inspectors have the authority to
enforce all the requirements of the contract, and they can shut the job down, if necessary. All the
work, materials, and equipment on a project should be inspected. The contract and relevant plans,
specifications, special provisions, and the work schedule should be thoroughly understood by the
inspector. The Contract Administration Handbook CCAMand_Item 5 of the Standard Specifications
provide more detail on the authority of the inspector.

Inspection of Materials and Work

Before any materials are used on a seal coat project, they must be sampled, inspected, tested, and
approved by TxDOT. Inspection is also required in the preparation or manufacture of materials.
Any work in which materials are used without prior testing and approval or written permission of
the project engineer may be ordered removed and replaced.

Inspectors are authorized to inspect all work performed on the project. In the case of any dispute
arising between the contractor and inspector regarding the work performed or materials furnished,
inspectors have the authority to reject materials or suspend work until the issue can be resolved by
the engineer.

The inspector is not authorized to revoke, alter, or release the contractor from any requirement of
the contract. The inspector cannot approve or accept any portion of the work nor issue any instruc-
tions contrary to the plans and specifications. The inspector will not act as supervisor, perform
other duties for the contractor, nor interfere with the contractor’s management of the work.
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Section 2 — Duties of the Inspector or Crew Chief

General

Inspectors are responsible for verifying that all materials, equipment, and work meet the require-
ments of the specifications, special provisions, and plans. When seal coat work is performed by
state forces, the crew chief has the responsibility of both the chief inspector and supervisor.

It is recommended that a seal coat project have a minimum of three people in the inspection team.
The chief inspector should be well trained and experienced with all aspects of seal coat work. It is
recommended that the same inspection team be used throughout the district each year to promote

consistency and improve seal coat performance. The duties of the inspection team may be divided
as shown below:

¢ Inspector 1 (Chief Inspector): Inspect the overall job, including traffic control, and determine
the asphalt and aggregate application rates.

¢ Inspector 2: Monitor the binder application and control the rate based on instructions from the
chief inspector.

¢ Inspector 3: Monitor the aggregate application and control the spread rate based on instructions
from the chief inspector. Inspect the rolling operation.

Inspectors should report to the project engineer, usually through the chief inspector, concerning the
progress of the work and the manner in which it is being performed. Any deviation from the plans
or specifications must be brought to the attention of the chief inspector, engineer, and the
contractor.

Duties

The inspector (or crew chief on state-force work) generally has the following duties:

& Thoroughly understand the specifications, special provisions, and plans prior to the beginning
of the project.

Ensure that aggregate stockpiles are adequate and are conveniently located.
Ensure that asphalt storage heating facilities are adequate.

Inspect all equipment to be used on the job.

Sample both aggregate and asphalt materials as required.

Monitor the temperature of the pavement surface, air, and asphalt binder.

Adjust binder and aggregate application rates.

® ¢ 6 6 o o o

Ensure the amounts of aggregate and asphalt used on the project are accurately recorded.
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+ Inspect the quality of the finished project and bring any deficiencies to the attention of the con-
tractor and engineer.

& Ensure all reasonable precautions are taken to provide for the safety of the traveling public and
all personnel involved in the project.

& Establish and maintain a professional working relationship with the contractor’s personnel.

& Perform other duties as directed by the chief inspector, engineer, or their supervisor.
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Section 3 — Specifications and Plans

General

All aspects of a seal coat project must comply with the following contract documents:

o TxDOT’s Standard Specifications for Construction and Maintenance of Highways, Streets, and
Bridges (referred to in this manual as the Standard Specifications)

& Special Specifications
o Special Provisions
¢ Plans.

A complete listing of the particular requirements governing a seal coat project can be found in the
contract documents.

Standard Specifications

Standard Specifications address the following:

& Quality of the materials and equipment

¢ Method and manner of work to be performed

& Method of measurement and payment.

The Standard Specifications are revised and updated periodically. It is important to ensure that the

correct edition of the Standard Specifications is referenced. The Standard Specifications are also
available online at http://www.dot.state.tx.us/business/specifications.htm.

Special Specifications
Special Specifications are supplemental specifications applicable to the individual project, not cov-
ered by the Standard Specifications.

Special Provisions

Special Provisions revise or supplement the Standard Specifications or Special Specifications.

Plans

The Plans (contract drawings) describe in detail the work to be accomplished.
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Section 4 — Safety

General

Inspectors and crew chiefs should refer to TXDOT’s Occupational Safety Manual and the Hand-
book of Safe Practices to understand and follow all safety procedures applicable to seal coat work.
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General

Section 1 — Overview

Seal coat projects take a great deal of planning and careful preparation to ensure that a seal coat job
will last for many years. Numerous details must be worked out between the responsible engineer
and the contractor. The engineer needs to know the approximate date the contractor plans to start
the operation and who will supply the materials. The engineer must also arrange for the precon-
struction meeting, which will be explained in detail in Section 4, “Preconstruction Meeting” of this
chapter.

The main preparatory stages for a seal coat project include:

*

L 2
2
L 2

Repairs and patching
Stockpiling, sampling, and testing aggregate
Preconstruction meeting

Selecting application rates.

These preparatory stages will be discussed in detail in this chapter with the exception of selecting
application rates, which are discussed thoroughly in Chapter 4, “Binder and Aggregate Application
Rates”

Seal Coat and Surface Treatment Manual 6-2 TxDOT 03/2017



Chapter 6 — Pre-Seal Coat Activities Section 2 — Repairs and Patching

Section 2 — Repairs and Patching

General

Any repair work that the pavement needs should be done well ahead of seal coat work, ideally in
the previous summer or fall. Certain repairs may involve a strip/spot seal coat or fog seal, reducing
the amount of the future seal coat binder that is absorbed into the repair. Repairs are usually accom-
plished by TXDOT maintenance forces.

Timing

There is no absolute time frame during which repair work must be accomplished. It is generally
preferred that all repair work be done as far as eight months prior to applying the seal coat. This is
particularly true when repairs are performed using cold-laid asphalt mixes. This allows plenty of
time for the materials to cure adequately prior to sealing. However, this means doing the repairs
during the fall of the previous year. This may be practical in some regions of the state and not
others.

If a fog seal is to be placed on a repaired area, the materials in the repaired area should be com-
pletely cured before a fog seal is applied. Fog sealing on pavement repairs can be placed anytime
after the repair has cured and prior to seal coat work.

Repairs should be coordinated with the responsible maintenance personnel as far in advance as pos-
sible. This will enable them to plan schedules and needed materials accordingly.

Types of Repairs
Many different types of repairs may be required as described below.

Milling or Planing. High spots in the existing surface may be planed smooth with either a heater
planer or, more commonly, a cold planer. This will help to smooth out a rough riding surface.

Level-Up. Depressions may require leveling up with either a hot- or cold-laid asphalt mix. The
sizes of this type of patch will vary, of course, but may range from the size of a wheel path only a
few feet in length to a full two-lanes wide and 50 feet or more in length.

Pothole Repair. All potholes must be repaired in a permanent manner before the seal coat is
applied.

Base Repair. All base failures must be repaired before seal coat work. This may require an in-place
repair or removal and replacement with suitable material.
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Edge Repair. Raveled edges and edge drop-offs must be repaired. If vegetation and soil has built-
up at the pavement edge, it must be removed and the pavement edge restored.

Crack Sealing. Large cracks must be sealed with a crack sealant. If they are excessively large, it
may be necessary to cut them out and apply a hot or cold mix patch. Cracks this large, however, are
not common in Texas, unless there has been a failure or distress in the base or subbase. In this
event, the whole section must be removed, including the base or subbase, and completely rebuilt.
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Section 3 — Stockpiling Aggregate

General

TxDOT’s Standard Specifications allow the contractor to stockpile aggregate to be used on the
project at locations approved by the engineer. For the sake of efficiency, most contractors will elect
to do this. There are, however, some steps that must be taken before stockpiles are placed on the job
site.

Supplier

Before the contractor submits a bid on the project, he will have already received a tentative agr