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FOREWORD

This document is a revision of the Minnesota Seal Coat Handbook first published December
1998. Since its publication, this handbook has been extensively used in Minnesota and served
as a model for other states and jurisdictions around the country.

Since 1998, there have been several advances in the seal coating process, including improved
emulsions, updated Mn/DOT specifications, and improved techniques — this new information is
reflected in the revised Handbook. In addition, new chapters have been added to the Handbook
dealing with fog sealing, chip sealing for recreational trails, and frequently asked questions.

This revised Seal Coat Handbook is intended to be a practical tool for the designer and the
technician. This revision was sponsored by the Minnesota Local Road Research Board’s
Research implementation Committee and was assembled with input from a Technical Advisory
Panel made up of Mn/DQOT, city and county engineers. Special thanks needs to be given to
Thomas Wood, Mn/DOT, without whose knowledge, enthusiasm and generosity, this Handbook
would not exist in its present form.






CHAPTER 1. SEAL COAT INTRODUCTION

Seal coating is a common preventive maintenance activity in Minnesota performed by most
cities, counties and rural Mn/DQOT districts (1). It involves spraying asphalt cement on the surface
of an existing pavement followed by the application of a cover aggregate. The asphalt cement is
usually emulsified (suspended in water) to allow for it to be applied without the addition of
extreme heat. The cover aggregate is normally either naturally occurring gravel or crushed
aggregate such as granite, quartzite or trap rock (basalt).

BENEFITS OF SEAL COATING

The primary reason to seal coat an asphalt pavement is to protect the pavement from the
deteriorating effects of sun and water. When an asphalt pavement is exposed to sun, wind and
water, the asphalt hardens, or oxidizes. This causes the pavement to become more brittle. As a
result, the pavement will crack because it is unable to bend and flex when exposed to traffic and
temperature changes. A seal coat combats this situation by providing a waterproof membrane
which not only slows down the oxidation process but also helps the pavement to shed water,
preventing it from entering the base material.

A secondary benefit of seal coating is an increase in the surface friction it provides. This is
accomplished by the additional texture the cover aggregate adds to the pavement. With time,
traffic begins to wear the fine material from an asphalt pavement surface. This results in a
condition referred to as raveling. When enough of the fine material is worn off the pavement
surface, traffic is driving mostly on the course aggregate. As these aggregate particles begin to
become smooth and polished, the roadway may become slippery, making it difficult to stop
quickly. A seal coat increases the pavement texture and increases the surface friction properties.

CONDITIONS CONDUCIVE TO LONG LASTING SEAL COATS

In most cases, seal coating is done on roadways with low to moderate traffic volumes (up to
several thousand vehicles per day). This is due to the increased chance of windshield damage
to vehicles during and immediately after construction as traffic volume and speed limits increase.
While it is possible to successfully seal coat high speed, high traffic roads such as interstate
highways, special precautions must be taken when seal coats are placed on these types of
roadways to minimize the chance of problems occurring. Refer to Chapter 9 of this handbook for
more details.

Seal coats are affected greatly by weather conditions, especially during construction. The ideal
conditions are a warm, sunny day with low humidity. Humidity and cool weather will delay the
curing time and cause the seal coat to be tender for a longer period of time making it more
susceptible to damage by traffic. Rain can cause major problems when seal coating. If the
asphalt binder has not cured, it can become diluted and rise above the top of the cover
aggregate. After the water evaporates, asphalt may cover the entire surface causing tires to pick
up aggregate or track the binder across the surface. Seal coating should never be done when
showers are threatening. For information on what to do if it begins to rain during construction,
refer to Chapter 7 of this handbook.
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Roadways to be seal coated should also be in relatively good condition. This means that there
should be little, if any, load related distress such as alligator cracking, rutting and potholes. If
these conditions exist, the road should not be sealed unless it is repaired first.

In summary, seal coating is a good maintenance technique for pavements with the following:

* Low to moderate block cracking.

* Low to moderate raveling.

Low to moderate transverse and longitudinal cracking.
A smooth surface with low friction numbers.

MATERIALS USED IN SEAL COAT CONSTRUCTION

The two main materials used in seal coat construction are the asphalt binder and the cover
aggregate. The asphalt binder is normally an asphalt emulsion. The cover aggregate can be
either natural or crushed.

Asphalt Binder

The most commonly used type of asphalt binder for seal coats in Minnesota is an asphalt
emulsion. The other type of binder used for seal coating is cutback asphalt. However, their use
has declined rapidly due to the costly and harmful solvents used.

Cutback Asphalt

A cutback asphalt consists of asphalt cement dissolved in a solvent, typically kerosene or naptha
(gasoline). The solvent softens the asphalt cement and allows it to be pumped and sprayed at
fairly low temperatures. As the solvent evaporates into the atmosphere, only the asphalt cement
remains. Once the solvent has evaporated, the cutback has fully cured.

Asphalt Emulsion
An asphalt emulsion consists of the following three components:

* Asphalt Cement;
o Water;
* Emulsifying Agent (surfactant).

The asphalt cement makes up about two thirds of the volume of the emulsion. The base asphalt
used to make the emulsion typically has similar characteristics to the asphalt cement used in hot
mix production. This is the same range that most asphalt cements used in hot mix production
are in. In some cases, latex or polymer modified asphalt is used to make emulsion. These
modified emulsions are used to improve early chip retention and seal coat durability.

Water is the second largest ingredient in the emulsion. It provides a medium for the suspension
and transfer of the asphalt particles. When the asphalt and water separate from each other, the
color of the emulsion will change from brown to black. When this process has occurred, the
emulsion is said to have broken. The aggregate chips must be applied and rolled before this
occurs, normally only a few minutes after the emulsion is applied.
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The emulsifying agent, or surfactant, has two primary roles. First, it causes the asphalt particles
to form tiny droplets which are able to be suspended in water. This is accomplished by the
surfactant’s ability to lower the surface tension between the asphalt and water. Having the
asphalt particles suspended in the water allows the asphalt to be applied at much lower
temperatures than it otherwise could be. Secondly, the emulsifying agent determines the
electrical charge of the emulsion (cationic (+), anionic (-) or nonionic). It is important to choose
an emulsion with an electrical charge that is opposite that of the aggregate. Since like charges
repel, the emulsion will not bind well to aggregates with the same charge. Since most
aggregates have a negative charge (2), Cationic (+) emulsions, such as CRS-2P, are used
almost exclusively in Minnesota.

When an emulsion breaks, the asphalt particles separate from the water. Since the asphalt is
heavier than the water, the water will rise to the top and eventually evaporate, leaving only the
asphalt cement on the roadway.

Cover Aggregate

The cover aggregate should be clean and dust free, uniform in size and hard so that it provides
a tight, durable surface able to withstand the abuse of snow plows and vehicles. In Minnesota,
the gradation of seal coat aggregate is referred to as either FA-1, 2 1/2 or 3 (3). The larger the
number, the larger the aggregate. The FA stands for Fine Aggregate. By far, the most commonly
used sizes are FA-2 and FA-3. An FA-2 (Figure 1.1) consists mainly of particles smaller than 1/4
inch. An FA-3 (Figure 1.2) consists mainly of the chips smaller than 3/8 inch.

Figure 1.1. Example of an FA-2 Pea Rock (buckshot)
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Figure 1.2. Example of an FA-3 Granite

A more detailed discussion of both the asphalt binders and cover aggregate can be found in
Chapters 2 and 3 of this handbook.

EQUIPMENT USED IN SEAL COAT CONSTRUCTION

There are several different types of equipment normally used to construct a seal coat. The exact
type and size may vary depending on the situation and roadway width. The list of equipment is
as follows:

e Power Brooms;

* Asphalt Distributor;

e Chip Spreader;

e Pneumatic Tired Rollers;

e Haul Trucks;

e Front End Loader;

* Asphalt Tanker;

e Miscellaneous Hand Tools.

Power Brooms

There are two different types of power brooms used in seal coating. Seal coats constructed in
rural settings typically use front mounted rotary sweepers (Figure 1.3) whereas those
constructed in urban settings use pick-up sweepers (Figure 1.4). The brooms are used before
the seal coat to clean any dirt or debris from the existing pavement surface. This provides a clean
surface for the asphalt binder to adhere to. Once the seal coat has been constructed, the brooms
are used to remove any excess aggregate not embedded into the binder.
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Figure 1.4. Pick-up sweeper typically used in urban areas
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Asphalt Distributor

One of the key pieces of equipment on a seal coat project is the asphalt distributor. It must be
able to apply a uniform layer of asphalt binder at the correct depth and width. If the binder is
applied too heavily, flushing of the asphalt in the wheelpaths will result. If applied to thin,
excessive chip loss will result. Most distributors used today have computerized controls which
can regulate the pressure of the material to compensate for the speed of the vehicle. This results
in a constant application rate, regardless of travel speed. Two distributors are normally used on
a seal coat project. This allows one to continue to work while the other is being refilled by the
tanker.

Figure 1.6. Computer control console of an asphalt distributor
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Chip Spreader

Another important piece of equipment is the aggregate chip spreader. It must apply a uniform,
even layer of aggregate across the entire width being sealed. As such, it must be calibrated
properly and in good working order. A self-propelled chip spreader is desirable. This type of
spreader pulls the aggregate trucks as it travels down the road. When the truck is empty, it is
released by the spreader and another backs into place. If done correctly, almost no work
stoppage occurs while refilling the spreader.

The newer chip spreaders are now equipped with computerized controls that allow the gates to
open and close hydraulically, to compensate for the speed of the spreader. This ensures a
constant application rate, regardless of travel speed.

Figure 1.7. Self-propelled chip spreader

Pneumatic Rollers

Perhaps the most overlooked pieces of equipment are the pneumatic tired rollers. Their primary
function is to embed the aggregate into the asphalt binder and orient the chips on their flat side.
It is important to have enough rollers to complete the rolling quickly. The chips need to be
embedded into the binder before it breaks. Normally, a minimum of three rollers will be required.
The first two, drive side-by-side rolling the outer edges. The third roller then follows closely
behind, rolling the center of the lane. It is very important for the rollers to travel slowly, no more
than 5 mph (8 km/hr), so the chips are correctly embedded into the binder.
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Figure 1.8. Pneumatic tired rollers

Haul Trucks & Front End Loaders

A standard front end loader is required to load the aggregate from the stockpile into the delivery
trucks. The one exception to this would be if the aggregate is being obtained directly from an
aggregate supplier. In that case, the trucks would be loaded at the pit or quarry.

Asphalt Tanker

Another piece of equipment used on seal coat projects is an asphalt tanker. While this is not
normally supplied by the agency or the contractor, the foreman/supervisor needs to be aware of
how many will be needed, where they should be located, and when to schedule them to arrive.
Proper placement and delivery of asphalt binder is essential for good production. Without it,
workers will be continually waiting for material to be delivered.

Miscellaneous Hand Tools

Hand tools are often used to touch up areas where the seal coat does not fully cover the
pavement surface, such as cul-de-sacs and corners of parking areas, particularly where curb and
gutter is present. Tools such as push brooms, shovels and squeegees are normally used. It is
very common to find these tools on the rollers since the roller operators will typically be the ones
who do the touch up work.

SUMMARY

In summary, seal coating is a common, cost effective, preventive maintenance activity involving

a number of different types of equipment, each playing a unique role in the process. Attention
must be paid to the type and quality of materials as well as the condition and operation of the
equipment. The experience of the equipment operator is of utmost importance. Even new, well-
calibrated equipment, using the finest materials, will not produce a quality seal coat project
without experienced and qualified operators.
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CHAPTER 2. SEAL COAT AGGREGATE

Due to its geological history, Minnesota has an abundant supply of good quality aggregate.
Consequently, there are many choices available when considering which aggregate to use for a
seal coat project.

AGGREGATE TYPES

The Mn/DOT specification 3127, “Fine Aggregate for Bituminous Seal Coat” (4) identifies the
following four classes of aggregate:

Class A aggregate consists of crushed quarry or mine trap (basalt, diabase, gabbro or other
related igneous rock types), quartzite or granite. These are primary granites from the St.
Cloud and Ortonville areas, quartzite form the New Ulm area and trap rock (basalt) from
Dresser, Wisconsin.

Class B aggregate consists of all other crushed quarry or mine rock such as limestone,
dolomite, rhyolite and schist. Primary, limestones available near the Rochester area have
been used.

Class C aggregate consists of natural or partly crushed gravels obtained from a natural
gravel deposit.

As with most any type of construction material, seal coat aggregates are chosen based on
several factors such as availability, cost, the type of road being sealed and traffic volume and
movement.

Some guidelines include:

Resistance to Traffic Wear and Snow Plow Damage: Class A aggregates are the hardest
and can withstand the pounding by traffic better than either Class B or Class C aggregates.
In addition, crused aggregate, such as Class A and B, lock together better than Class C
aggregates due to their shape. This will generally result in better protection against snow
plow blades.

Effect on Asphalt Binder Quality: Class B and C aggregates will generally require more
asphalt binder because they are much more absorptive than Class A aggregates.

Cost: Class C aggregates are less expensive than Class A or B aggregates due to the lack
of crushing.

Resistance to Turning & Scuffing: Because of crushing, Class A and B aggregates are

much more angular than Class C aggregates and thus better able to withstand vehicle
stopping and turning actions.
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AGGREGATE APPLICATION RATE

When constructing a seal coat, the cover aggregate should be applied so it is only one-layer
thick, unless a double or choke seal is being constructed (see Chapter 11). Applying too much
aggregate not only increases the chance of windshield damage to passing vehicles but can also
dislodge properly embedded stones. The exception to this is in areas where extensive stopping
and turning movements take place, such as intersections and turn lanes. Using a light excess of
aggregate, about 5 or 10 percent, can help reduce the scuffing caused by vehicle tires turning
on the fresh, uncured, seal coat.

AGGREGATE SHAPE
The shape of an aggregate is characterized by the following:

e Flat or cubical; and
e Round or angular.

Impact of Aggregate Flatness

Traffic plays an important role in determining the chip orientation of seal coats constructed with
flat and elongated aggregate. The flatter the aggregate, the more susceptible the seal coat will
be to either bleeding in the wheelpaths or excessive chip loss in the non-wheelpath area. This
is because traffic causes any flat chips in the wheelpath to lie on their flattest side. This results
in a thinner seal coat in the wheelpath than in the non-traffic areas as shown in Figure 2.1. If the
binder is applied too thick in the wheelpaths, bleeding will result when the chips lie on their flat
side. If the binder is applied to thin, the chips in the non-traffic areas will be dislodged by traffic
and snow plow blades.

Figure 2.1. Traffic causes flat chips in the wheelpath to lay down on their flattest side

On low volume roadways and parking lots, this difference in seal coat thickness may not become
a problem because it requires repeated applications of traffic to re-orient the chips on their
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flattest side. If the traffic volume is low enough, or not confined to a specific area, such as a
wheelpath, there may not be a large enough difference in chip height to cause a problem.

With cubical aggregate, traffic will not have a pronounced effect on chip orientation. No matter
how the chips are oriented, the seal coat height will be essentially the same and chip embedment
will be uniform.

Figure 2.2. Traffic has little effect on cubical aggregate

The way to measure the flatness of an aggregate is the Flakiness Index (see Chapter 4). This
index is the percentage, by weight, of the aggregate that consists of flat and elongated pieces.
Most Class A and B aggregate in Minnesota have a Flakiness Index between 18 and 30 percent.
Class C aggregates have lower Flakiness Indices, typically between 9 and 20 percent. Aggregate
with Flakiness Indices over 25 percent should not be used for seal coating.

Tips for using flat aggregate:

* In the binder design process, calculate the amount of binder required for both the
wheelpath and non-wheelpath areas. This will give you a feel for the difference in the
seal coat thickness between these two areas.

* Flat aggregate should not be used on high volume roadways, period. There will either
be too much binder in the wheelpaths or not enough between them. For high volume
roadways, a cubical aggregate with a Flakiness Index of 20 percent or less should be
used.

e Use a little extra aggregate (5-10%) in the wheelpaths to prevent the flat chips from
sticking to the tires of the chip spreader and dump trucks while the binder is curing.
This can be done by increasing the opening of the chip spreader gates in these areas.
Remember, if enough binder is applied to hold onto the tall chips in the non-traffic
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areas, the flat chips in the wheelpath will likely be covered with the binder. The excess
aggregate will help to prevent them from sticking to vehicles.

Impact of Aggregate Roundness

The roundness of the aggregate will determine how resistant the seal coat will be to turning and
stopping movements. A round aggregate is defined as an aggregate that is not crushed, with a
crushed aggregate having at least one fractured face as defined by ASTMD 5821 (Mn/DOT
1214). Round aggregates are much more susceptible to rolling and displacement by traffic than
angular aggregates, which tend to lock together better. Because of their shape, it is very difficult
to achieve the same result with round aggregate unless the aggregate is extremely graded. The
graded aggregate will allow the smaller stones to fill in the areas between the larger ones.
However, as explained later in this handbook, graded aggregate has many problems of its own.

Tips for using round aggregate:

e When using a round aggregate, use a one-size gradation. Since round aggregates
are more easily dislodged by snow plows, due to their lack of locking together, using
a one-size aggregate will help prevent the plow blade form shaving off the tall stones.

e Extra care must be taken when constructing seal coats with round aggregate to
ensure the proper embedment will be achieved. Due to their shape, seal coats
constructed with round aggregate tend to be more susceptible to snow plow
damage unless chips are deeply embedded into the binder.

* A double chip seal is a good option when using round aggregate, particularly on
high volume roads. This type of seal involves placing two separate seal coats, one
on top of the other. The aggregate used for the top layer is roughly half the size of
the aggregate on the bottom layer. When the second layer of binder is applied, the
bottom stones are 100 percent embedded. The smaller stones in the top layer area
are too small to cause windshield damage. In addition, the surface is generally
smoother than a single seal, which minimizes snow plow damage.

AGGREGATE GRADATION

Aggregate gradation also plays an important role in seal coat design, construction and
performance. Gradation refers to the distribution of the various sized stones that make-up the
aggregate matrix. Aggregates used in seal coat construction are normally classified as either
one-size or graded.

One-Size Aggregate

The best seal coat gradations are those that are essentially one-size. An aggregate is

considered one-size if nearly all of the material is retained on two consecutive sieves. This
results in most of the stone pieces being in a narrow range of sizes as shown in Figure 2.3.
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Figure 2.3. Cross section of a one-size seal coat aggregate

Notice that all of the chips are fairly close to the same size. Also, notice the large amount of
space (voids) that exists between each stone. This is the space available for the asphalt binder
to fill and a key component in determining the amount of binder required for good performance.

Some of the advantages of using a one-size aggregate are:

e  Maximum friction is obtained between vehicle tires and the pavement surface
because more chips are in contact with the tires.

* Checking for adequate binder can be determined quickly and accurately and there
is less chance of bleeding because if one particle is embedded properly, nearly all
of the others are also.

* Better drainage due to clear surface channels between the aggregate particles,
which allows for rapid and positive removal of water.

Graded Aggregate

Graded aggregates cover a wide range of possibilities from dense graded to gap graded. The
more graded an aggregate is, the less desirable it will be for seal coat construction. Because
graded aggregates have lower air voids, there is less room to fit the binder in between chips. As
a result, there is a fine line between applying too much binder (bleeding) and not enough (loss
of aggregate). Failure to account for the aggregate’s gradation will increase the chance of
bleeding as the binder is squeezed out of the matrix by traffic.

Figure 2.4. Cross section of a graded seal coat aggregate
Some problems with using graded aggregate are:

* Some of the larger particles project so far above the average thickness of the seal
coat they are torn out of the surface by vehicle tires and snow plow blades.

* Some of the smaller particles are so small they are completely submerged into the
asphalt binder which causes bleeding.
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e Because of the considerable range in particle sizes, vehicle tires make firm contact
with fewer particles at a time resulting in less friction.

* |t is difficult to determine the proper quantity of binder that will be both sufficient to
hold onto larger particles and yet not submerge too many of the smaller particles.

The two most often used seal coat gradations in Minnesota are the Mn/DOT FA-2 and FA-3
gradations. Both are considered to be graded aggregates. However, within both of these
gradation bands there is the possibility of a fairly one-size gradation as well as a very graded one.
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Flgure 2.5. Example of a one-size FA-4 seal coat aggregate
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DUSTY AGGREGATE

Aggregates containing dust should not be used for seal coating unless certain precautions are
taken. To avoid dusty aggregate, the specified aggregate gradation should have 1 percent or less
passing the #200 sieve (75pm). Dust will coat the outside of the aggregate particles and prevent
them from bonding with the bituminous binder. Consequently, extensive chip loss will result.

If clean, dust-free aggregate is not available, one of the following must be done before the
aggregate is used:

* Wash the aggregate to remove the dust. The washing process, which should be
done with clean, potable water, involves screens which allow the unwanted fines to
be removed. A conveyor is then used to stockpile the material where it is allowed to dry.

* Use a high-float emulsion, such as HFMS-2. This type of binder can be used with
aggregates having as much as 5 percent passing the #200 sieve. The wetting
agents used in this type of binder can cut through the dust coating and provide a
good bond with the aggregate particles.
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Figure 2.9. Dusty aggregate after sweeplng (notice most of the large
aggregate is missing)
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CHAPTER 3. ASPHALT BINDERS

The main reason asphalt is used in road applications is because it is waterproof and adheres to
stone. At room temperature, most asphalts are very stiff, too stiff to apply to a roadway. To get
it into a form that can be applied requires the viscosity to be reduced. This can be done by:

* Heating;
* Making a cutback asphalt;
* Making an asphalt emulsion.

The two methods most often used for constructing seal coats are using cutback asphalts and
asphalt emulsions.

CUTBACK ASPHALTS

Cutback asphalts (liquid asphalts) are asphalts that are dissolved in a petroleum (cutter). Typical
solvents include naptha (gasoline) and kerosene. The type of solvent controls the curing time of
the cutback and thus when it will obtain its ultimate strength. Rapid curing cutbacks use naptha
(gasoline) while medium curing cutbacks use kerosene. The amount of cutter affects the
viscosity of the cutback asphalt. The higher the cutter content, the lower the viscosity and the
more fluid it will be. The use of cutbacks has declined rapidly over the years due to concerns
over pollution and health risks as the solvents evaporate into the atmosphere. For example, for
every 1,000 gallons of cutback asphalt applied, over 150 gallons of cutter (gasoline/kerosene) is
released into the environment.

Cutback Classification
Cutbacks are divided into two classifications, Rapid-Curing (RC) and Medium-Curing (MC)
depending on the solvent used. They are further defined by a number which indicates the

minimum kinematic viscosity (fluidity) of the cutback. The lower the number, the more fluid the
cutback is.
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ASPHALT EMULSIONS

An emulsion is one phenomena that occurs when you mix two incompatible components
together. Common examples of emulsions are milk, margarine, butter, beer and paint.
Emulsions are made up of two components with one dispersed in the other. Maintaining the
dispersion requires some way of overcoming the lack of compatibility. The methods that have
been found to work over many years are high shear blending and chemical treatment. An asphalt
emulsion consists of asphalt particles dispersed in water and chemically stabilized as shown in
Figure 3.1

As molten asphalt is blended into fine droplets, the asphalt is brought into contact with a chemical
solution (emulsifier) which provides the stabilization. After discharge, the emulsion consists of
water with fine particles of asphalt dispersed in it. The only thing between the asphalt particles
is water and the emulsifier. Since asphalt is not soluble in water, keeping it dispersed in fine
particles is a significant feat.

Emulsion Classification

Emulsions are divided into three grades for classification: cationic, anionic and non-ionic. In
practice, only the first two are used in roadway construction and maintenance. The cationic and
anionic designation refers to the electrical charge of the emulsifier surrounding the asphalt
particles. Cationic emulsions have a positive (+) electrical charge surrounding the asphalt
particles while anionic emulsions have a negative (-) electrical charge.

Since opposite electrical charges attract, anionic emulsions should be used with aggregates
having a positive (+) charge. Similarly, cationic emulsions should be used with aggregates
having a negative (-) charge. Failure to use materials with opposite electrical charges may result
in the materials repelling each other, causing failure.
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Figure 3.1. Asphalt emulsion

In addition to being classified by their electrical charge, emulsions are further classified
according to how quickly they will revert back to asphalt cement. The terms RS, MS and SS have
been adopted to simplify and standardize this classification. They are relative terms only and
stand for Rapid-Setting, Medium-Setting and Slow-Setting. As the emulsifier is drawn toward
aggregate surfaces with an opposite electrical charge, the asphalt particles begin to settle to the
bottom of the emulsion. The speed at which this occurs is indicated by the RS, MS and SS
designation.

Five grades of high-float emulsions are also available. High-float emulsions, so designated
because they pass the Float Test (AASHTO T-50 or ASTM D-139), have a quality imparted by the
addition of certain chemicals that permit a thicker asphalt film on the aggregate particles with a
minimum probability of drainage. This property allows high-float emulsions to be used with
somewhat dusty aggregate with good success.

Finally, emulsions are subdivided by a series of numbers that relate to the viscosity of the
emulsion and the hardness of the base asphalt cement. The numbers “1” and “2” are used to
designate the viscosity of the emulsion. The lower the number, the lower the viscosity and the
more fluid the emulsion is. If the number is followed by the letter “h”, the emulsion has a harder
base asphalt. The grades in the following tables which are shaded are suitable for seal coat projects.
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Emulsifiers

Emulsifiers are the chemical solutions that give the asphalt particles the ability to stay suspended
in water. The two types of emulsifiers; cationic and anionic are both comprised of salts.

a) Anionic Emulsifiers are comprised of acids reacted with a base such as caustic potash or
caustic soda to form a salt. It is this salt that is the active emulsifier. The emulsifier attaches itself
to the asphalt particles. The number and density of these emulsifier molecules determine how
much negative (-) charge is on the surface of the asphalt particles. Figure 3.2 shows an anionic
emulsified asphalt particle.

b) Cationic Emulsifiers are also made of acid salts. Cationic emulsifiers give a positive (+)
charge to the asphalt particles. The most often used emulsifiers in Minnesota, by a wide margin,
are cationic. This is because most aggregates have a negative charge and thus attract cationic
emulsifiers, causing a good bond. Figure 3.3 shows a cationic emulsified asphalt particle.

@ @ o
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Figure 3.2. Anionic (-) Emulsion Figure 3.3. Cationic (+) Emulsion

Cationic Versus Anionic

Overall, cationic emulsions perform more reliably in the field and set up more quickly than anionic
emulsions, provided the correct handling and application procedures are used.

In addition:

* Cationics are less sensitive to weather because they have a chemical break.

* Cationics can be stabilized without making break times longer.

e (Cationics are more critical in handling.

* Cationics need close attention to storage procedures.

* Cationics are more suitable for aggregates, silica aggregates included.

* No precoat is required for a cationic emulsion if aggregate is clean and dust-free.
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Properties of Emulsions

All the properties of emulsions and their behavior under various conditions are directly related to
the type and strength of emulsifier used.

Breaking refers to the event when the asphalt and water separate from each other. This occurs
as the emulsifier leaves the surface of the asphalt particles due to it’s attraction to the surface of
the aggregate. Since asphalt is heavier than water, the asphalt particles will settle to the bottom
of the solution.

Since anionic emulsions have a negative charge, as does almost every mineral, there will be
no electrostatic attraction between the emulsion and the aggregate surface since like charges
repel each other. For an anionic emulsion to break, the particles must get so close to each other
that the repulsion forces are overcome by the attractive forces that exist between all things. This
occurs by forcing the particles together in some way. During seal coating, this occurs as the
water evaporates out of the emulsion. In Minnesota, the most commonly used anionic emulsion
for seal coating is HFMS-2.

Cationic emulsions have a positive charge and since opposite charges attract, they are drawn
toward most aggregate particles. Thus, a direct and very rapid reaction between the emulsion
and an aggregate or pavement is possible as shown in Figures 3.4 and 3.5. The size of the
charge, affects stability, i.e. the larger the charge, the more rapid the reaction. The other
mechanism which affects curing is evaporation. After the chemical break is completed, the water
must still be completely evaporated for the residual asphalt to achieve full strength. In Minnesota,
the most commonly used cationic emulsion is CRS-2.

Figure 3.4. Cationic Emulsion before breaking
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Figure 3.5. Cationic emulsion beginning to break

Polymer Modified Emulsion

Certain properties of asphalt emulsions can be enhanced by the addition of polymers. Common
polymers used in emulsions are natural and synthetic latex, SBR and SBS polymers. Typically,
about 2.5 to 3 percent polymer, by weight, is added to the emulsion.

Advantages of using polymers are:

1.

3.6

Early chip retention: Using polymers allows same-day sweeping versus having to wait
until the next morning.

. Raises the softening point of base asphalt: The residual asphalt from a CRS-2 has an

average softening point (temperature) of 108° F versus the residual asphalt from CRS-2p
softening point of 1282 F. This allows the user to be more aggressive with their application
rate without the fear of bleeding. The more asphalt binder placed on the roadway the longer
the chip seal will perform.

. Greater protection of the chip seal: The elastomeric characteristics of the polymer-

modified asphalt protect the chips from impact shock from turning traffic, stopping traffic,
and snow removal equipment.

. Flexibility: Polymer modified emulsions are available both in Cationic and Anionic (High

Floats) emulsions.

. Less waste of materials: With a polymer-modified emulsion, there is less chance of loose

aggregate after final sweeping because of the ability of the asphalt to stretch and rebound
— the polymer-modified asphalt acts almost like a rubber band, springing back to its original
position.
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ADVANTAGES OF ASPHALT EMULSIONS

The main advantages of using emulsions rather than cutbacks can be summarized in terms of
pollution control and safety.

Pollution Control

Kerosene and gas fumes are green house gases. In a cutback, they evaporate into the air and
become pollutants. The cutbacks are designed this way. In an emulsion, there are no such
pollutants.

Safety

Since emulsions are water based, they have no flash point and are not flammable or explosive.
Drums of emulsion kept in the sun will not expand or burst. Being water based, emulsions do
not pose any health risk to workers. Since they can be used at cooler temperatures (125 -185°F,,
52 - 85° C.), the likelihood of severe burns is also much less. The binder material should be
accompanied by a Material Data Safety Sheet (MSDS).

STORAGE AND HANDLING OF ASPHALT EMULSIONS

As discussed earlier, there are advantages of using emulsions compared to hot asphalt cement
and cutbacks. There are a few simple rules for successful use of asphalt emulsions. They are
simple if one remembers how emulsions are made. Oftentimes, suppliers are the best source
of information on storage and handling of specific products. Some general best practices
are summarized here.

Pumping

Pumps compress or shear the material that they pump. This results in the emulsion being
compressed. If this happens too severely or often the emulsion will become coarser and may go
back to asphalt cement. Pumps should be selected carefully. Centrifugal pumps and some types
of positive displacement pumps may be used.

Temperature

When materials get cold they shrink. In an emulsion, this means that the asphalt droplets get
closer together. Thus, if the emulsion gets too cold, the asphalt particles can become too close
together causing the emulsion to revert back to asphalt cement.

When materials get hot they expand. Thus for an emulsion, heating is a useful thing. However,
when water gets hot its evaporation rate increases enormously. If the water leaves the emulsion,
the asphalt droplets get closer together which can return the emulsion to asphalt cement. This
can occur if any part of the emulsion gets hotter than 200° F (95° C).

This has a number of important results:

When heating emulsion, do it gently and only to specification.
Use agitation.

Warm pumps before use.

On bulk tanks in cold areas, electrical tracing is advisable.

Do not apply direct heat to an emulsion with fire or a blow torch.
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Cleaning

For emulsions, cleanliness is very important. A sloppy operation will produce problems. When
an emulsion comes in contact with air it can begin to break. When a cationic emulsion comes
into contact with metal it can also begin to break. Thus, if a pump is left without flushing it will
clog. If lines are left part full of emulsion they will clog. The higher the performance of the
emulsion the more critical cleaning is. Cleaning should be done before storage of equipment and
it should be done thoroughly.

Cleaning Procedure:

1. Flush thoroughly with WATER.

2. Flush with kerosene, not diesel, distillate or other solvent. While these materials may
cut asphalt cement, they are also incompatible with the emulsion and may break it
rather than allow it to be flushed away.

Finish with a water flush. DO NOT FLUSH INTO THE EMULSION TANK.

4. Ifthe pump or line is already clogged with asphalt cement, gentle heat may be applied
at the blockage. Do not apply up the line as this will break the emulsion there.

5. Soak pumps with kerosene for an hour or more.

6. Reflush with water after blockage is removed.
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CHAPTER 4. SEAL COAT DESIGN

Seal coats should be designed to ensure that the proposed materials are of sufficient quality and
have the desired properties required for a successful seal coat project. In addition, the design
will determine the proper amount of cover aggregate and bituminous binder to apply. The design
procedure recommended by the author is based on the one first presented in the late 1960’s by
Norman McLeod (5). This procedure was later adapted by the Asphalt Institute (6) and the
Asphalt Emulsion Manufacturers Association (7). It was also the design procedure used by the
Strategic Highway Research Program (SHRP) for designing the Special Pavement Study chip
seal sections constructed across the United States (8).

ASPHALT BINDER CONSIDERATIONS

In both cutback asphalts and asphalt emulsions, a portion of the binder is comprised of either
cutter (cutbacks) or water (emulsions) which will evaporate as the binder cures. This will result
in a collapse of the asphalt film; effectively reducing the height of the binder. In designing a seal
coat is it important to know the residual asphalt content of the binder. The residual asphalt is the
glue that remains on the roadway after the cutter or water has evaporated out of the binder.

As shown in Figure 4.1 cutback asphalts generally consist of about 85 percent asphalt cement
and 15 percent cutter, by weight. Since the specific gravity of asphalt is very close to 1.0, this
works out to about 85 percent asphalt cement and 15 percent cutter by volume. Asphalt
emulsions generally consist of about two-thirds asphalt cement, with the remainder being water
and emulsifier.

Cutback Asphalt
Asphalt Emulsion

85%

Asphalt g\ 67%
Cement Asphalt
Cement

Figure 4.1. Comparison of the residual asphalt content of different binders

In Minnesota, many agencies reported problems when first switching from cutbacks to
emulsions. Most of the problems occurred because they were applying the same amount of
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emulsion as they had been with cutbacks. This results in approximately 20 percent less asphalt
cement on the pavement after curing. This lack of binder led to excessive chip loss and lack of
confidence in asphalt emulsions. This problem can be avoided if the concept of residual asphalts
is understood.

In order for aggregate particles to remain on the roadway, they need to have approximately 70
percent of their height embedded into the residual asphalt. For this to occur with an asphalt
emulsion, the binder must rise near the top of the aggregate particles. This is demonstrated in
the Figure 4.2. If the emulsion rises just below the top of the aggregate (voids ~ 100 percent
filled), the voids will be roughly two-thirds filled after curing since about one-third of the binder
will evaporate. Failure to allow emulsions to rise this high will result in insufficient embedment
and loss of the cover aggregate as soon as the seal coat is exposed to snow plows and traffic.

Before Curing:

Average Binder is
Chip ~ 100%o0f
Height oo chip height
After Curing:
Avgﬁigpe Binder is
Height ~ 10%ot
i chip height

Figure 4.2. Change in volume after emulsion has cured

Refer to Chapter 3 of this handbook for more details an asphalt binders used in seal coat
construction.

COVER AGGREGATE CONSIDERATIONS

When designing a seal coat, there are several factors concerning the aggregate that must be
considered. They all play a role in determining how much aggregate and binder should be
applied to the roadway.

Gradation

The gradation of the cover aggregate is important not only for determining the aggregate
application rate but also the binder application rate. The more graded the aggregate is, the closer

the particles will be to each other on the roadway. This leaves very little room for the asphalt
binder, which can cause bleeding. The best gradation for a seal coat aggregate is one-

4.2 Minnesota Seal Coat Handbook



size. This means that most every chip is the same size. A one-size aggregate has lots of room
between the particles for filling with the binder. In addition, inspection is much easier because
each chip is embedded approximately the same amount.

Particle Shape

The shape of the aggregate particles can be round or angular, flat or cubical. Their shape will
determine how they lock together on the roadway. The more they lock together, the better the
seal coat is able to withstand turning and stopping of vehicles as well as damage from snow plows.

Bulk Specific Gravity

The specific gravity, or unit weight, of the aggregate also plays a role in determining how much
aggregate to apply to the roadway. Specific gravities of seal coat aggregate in Minnesota can
differ by as much as 20 percent. The lower the specific gravity, the lighter the aggregate. It will
take more pounds of a heavy aggregate, such as trap rock, to cover a square yard or meter of
pavement than it will of a light aggregate, such as limestone.

Aggregate Absorption

The amount of binder applied to the roadway not only needs to compensate for absorption into
the existing pavement but also into the cover aggregate itself. Sedimentary aggregates such as
limestone can have ten times the absorption of igneous aggregate such as granite or trap rock.
Failure to recognize this fact and correct for it can lead to excessive chips loss due to lack of
embedment.

THE McLEOD DESIGN PROCEDURE

In the McLeod procedure, 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.

In Minnesota, the McLeod design procedure has been modified to apply slightly more binder in
order to minimize snow plow damage in the non-wheelpath areas. This will be discussed later in
this chapter.
The McLeod procedure is based on two basic principles:
1. The application rate of a given cover aggregate should be determined so that the
resulting seal coat will only be one-stone thick. This amount of aggregate will remain
constant, regardless of the binder type or pavement condition.

2. The voids in this aggregate layer need be 70 percent filled with asphalt cement for
good performance on pavements with moderate levels of traffic.
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Figure 4.3. McLeod design: One-stone thick & proper embedment

Figure 4.4 shows an inspector checking for proper chip embedment. Notice that the chip is
embedded about 70 percent into the residual asphalt. This will help to ensure good chip
retention.

—

Figure 4.4. Proper embedment (~70%) into the residual asphalt

The key components of the McLeod design procedure are as follows:

Median Particle Size

The Median Particle Size (M) is determined from the gradation chart. It is the theoretical sieve
size through which 50 percent of the material passes (50 percent passing size). The gradation
is determined using the following sieves:
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Table 4.1. Sieve nest for seal coat gradations

Sieve Opening Opening
Name U.S. Customary Units S.1. Metric Units
1 inch 1.000 in. 25.0 mm
3/4 inch 0.750 in. 19.0 mm
1/2 inch 0.500 in. 12.5 mm
3/8 inch 0.375in. 9.5 mm
1/4 inch 0.250 in. 6.3 mm
No. 4 0.187 in. 4.75 mm
No. 8 0.0937 in. 2.36 mm
No. 16 0.0469 in. 1.18 mm
No. 50 0.0117 in. 300 um
No. 200 0.0029 in. 75 pm

Figure 4.5. Seal Coat Sieve Nest

Flakiness Index (Fl) is a measure of the percent, by weight, of flat particles. It is determined by
testing a small sample of the aggregate particles for their ability to fit through a slotted plate
(Figure 4.6).
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There are five slots in the plate for five different size fractions of the aggregate. If the chips can
fit through the slotted plate they are considered to be flat. If not, they are considered to be
cubical. The lower the Flakiness Index, the more cubical the material is. The test is run
according to Central Federal Lands Highway Division (CFLHD) DFT-50