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Preface

This document describes best practices regarding the design and construction of chip seals for those
experienced in the practice. The contents of this document reflect historical knowledge and the latest
advances in the state of the practice of chip sealing for pavement preservation. This manual was
assembled to provide those designing and constructing chip seals with a practical tool to help improve
chip seal performance. All, or parts of this manual may be used for this purpose depending on the
expertise of the user. However, the assumption of the author is that users are experienced constructors
of chip seals and have the necessary fundamental knowledge necessary to construct chip seals but wish
to extend this knowledge in order to construct superior chip seals.
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Chapter 1. Introduction

Chip Seals Described in this Manual
Chip seals described in this manual consist of an asphalt emulsion sprayed onto the surface of the
pavement to which natural aggregate chips are then embedded. Although chip seals can be constructed
with asphalt cement binders, with synthetic aggregates and can have double or even triple applications,
these practices have not been prevalent in Colorado and are not covered in this manual.
Chip seals have two purposes when applied as a pavement preservation tool: 1) seal small cracks and
reduce further oxidation of the pavement, and 2) improve surface texture. Therefore, if either or both
of these objectives are desired a chip seal is a good choice. However, chip seals are also utilized as a
pavement construction technique when applied over soil subgrades or aggregate bases to provide an allweather surface. Many pavements have been constructed using multiple applications of chip seals.
Chip seals have been documented as a pavement preservation tool on pavements with traffic volumes
greater than 7500 vehicles per lane with success (Shuler, 1998). However, in most cases, chip seals are
only recommended when traffic volumes are less than 3000 AADT (average annual daily traffic).
The average service life of a chip seal can vary significantly depending on design and construction
practices. However, when designed and constructed properly the average life should range from at
least five to greater than seven years.
The objective of this manual is to provide the user with the knowledge necessary to increase the
probability of building a chip seal that provides service for at least seven years.
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The performance of a chip seal is dependent on many factors. These include the existing condition of
the pavement to which the chip seal is to be applied, pavement geometry, traffic volume and type,
materials and construction practices. The following discussion describes these factors and what affect
each has on performance of the chip seal.

Pavement Condition
Cracking
Chip seals are most effective before longitudinal and transverse cracks are greater than 1/8 inch wide.
Although the chip seal binder has the ability to seal cracks slightly greater than this width, as crack width
increases, the emulsion residue is less effective at bridging the gap and crack sealants should be utilized
to fill these cracks prior to chip sealing.
Alligator, or fatigue cracking, is an indication of a weak subgrade. When fatigue cracking is significant, or
takes up more than one third the pavement surface, a chip seal may be inappropriate as a maintenance
technique. However, a chip seal may reduce moisture infiltration into the subgrade, thus reducing the
potential for future fatigue. Therefore, the decision to chip seal over existing fatigue cracking requires
judgment depending on the performance expectation of the existing pavement.

Flushing
Chip seals may be applied to remedy friction loss but penetration of chips into flushed pavement
surfaces may limit effectiveness unless chips can be retained with lower emulsion application rates.
Flushing and bleeding of the existing surface often occurs in wheel paths. If this occurs, the emulsion
application rate must be reduced in the wheel paths to prevent future flushing and bleeding. This can
only be accomplished with variable spray rate distributors or by varying the size of the nozzles in the
distributor spray bar. Further discussion of this topic is presented in more detail in the construction
section of this manual.
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A flushed pavement surface is also, often, soft. This condition can allow chips to be embedded in the
surface after trafficking, resulting in additional flushing. The ball penetration test has been shown to be
an effective tool for measuring this potential. A guideline regarding when to avoid chip sealing based on
ball penetration testing is included in the design section of this manual.

Surface Texture
Surface roughness is directly related to the amount of emulsion needed to hold aggregate chips in place.
The texture of the substrate pavement should be evaluated using the sand patch test prior to chip
sealing to determine whether an adjustment to the design emulsion application rate is appropriate and
to what level. Adjustment factors for texture based on the sand patch test are provided in the design
section of this manual.
The amount of emulsion applied to the substrate may need to be varied if the substrate surface does
not have the same texture and compliance along the alignment. This uniformity should be mapped
prior to construction to identify locations where emulsion application rates should vary from design.
Uniformity can also vary transverse to the centerline. This is often the case when wheel paths are
flushed. When this occurs the emulsion application rate should be reduced in the wheel paths. This can
be done by utilizing a distributor equipped with a variable application spray bar or placing smaller
nozzles in the conventional distributor spray bar in locations that will affect the wheel paths. This
practice has been described in the literature (Shuler 1991) and practiced (Martin 1989) by one highway
agency.

Traffic Characteristics
The traffic volume and type of traffic effects the selection of materials utilized on chip seals. Generally,
the higher the traffic volume and higher percentage of heavy trucks on an undivided roadway, the
greater the opportunity for vehicle damage if traffic is not adequately controlled during construction. In
addition, the volume and nature of the traffic is directly proportional to the potential for chip
embedment in the substrate. Also, traffic acceleration affects chip seal performance as chips are more
likely to be dislodged under these loads than constant speeds. The result can be flushing and bleeding of
the surface. This section discusses the factors that influence the materials selection process depending
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on traffic volume, type of traffic and speeds.

Chip Selection
Larger chips are less likely to become totally embedded by high traffic if the substrate is resistant to
embedment, but are noisier and provide higher risk of damage during construction. However, larger
chips require higher emulsion application rates for proper embedment, increasing the sealing ability of
the chip seal.

Emulsion Selection
Emulsions modified with elastomeric polymers provide higher adhesion for aggregate chips. This is
often true both during construction and later in the life of the seal. Also, research (Shuler 1991)
indicates that on high traffic facilities defined as greater than 7500 vehicles per day per lane, modified
asphalt emulsions are required to hold chips in place due to reduced emulsion application rates.
Reduced rates of emulsion are necessary on these high traffic facilities to reduce the potential for
embedment and consequent flushing.

Fog Seal
Fog seals may be desirable for application over fresh seals for three reasons. Fog seals provide a high
color contrast for striping which should improve visibility. There is anecdotal evidence the sharp color
contrast between the black fog seal and the pavement marking improves public relations. There is also
some preliminary evidence that short-term performance may be improved (Shuler 2007). These
benefits are probably short-lived, however, since the color contrast does not remain long after the seal
is applied.

Pavement Geometry
Divided/Undivided
Directly proportional to the distance between opposing directions, divided alignments generally
reduce the possibility for vehicle damage caused by loose flying chips.
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Gradient/Curves
Steep inclines and curves may adversely affect performance due to tractive forces and slower moving
vehicles. Therefore, traffic control may need to remain in place until the emulsion has cured sufficiently
to retain the chips under these additional forces.

Intersections
Turning, acceleration and deceleration can cause chip loss and flushing. Therefore, traffic control may
need to remain in place until the emulsion has cured sufficiently to retain the chips under these
additional forces.

Width
Vehicle movement tends to be more concentrated on narrow, secondary roads than on wider primary
facilities. This results in a greater tendency for flushing in the wheel paths on these types of pavements.

Facility Type
Highway
It has been demonstrated that chip seals can be successfully constructed on highways with over 7500
vehicles per day per lane with little or no consequences with respect to vehicle damage (Shuler 1991) if
important principles are followed. However, other factors should be considered regarding the use of
chip seals on high traffic highway pavements. Noise increases with increasing traffic volume and chip
size. Therefore, smaller aggregates are often desired for high traffic facilities. However, the margin for
error relative to emulsion spray rate when using smaller aggregates is less because of smaller
embedment depth, increasing the potential for chip loss.

Residential
Chip seals constructed with larger aggregates are rough textured and can lead to skin abrasions when
falls occur, during recreational skating or when individuals lie on the pavement to repair vehicles or
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other activities. These have been common complaints received by citizens in anecdotal accounts and
should be considered.

Rural
Rural settings are the most conducive environment for chip seals. Traffic tends to move more
consistently with less stopping and starting which can influence chip seal performance. Traffic volumes
are often lower creating wider vehicle separation, thus less opportunity for damage.

Urban
Urban environments are often the least desirable environment for chip seals. This is due to higher
traffic volumes coupled with much turning, stopping and starting. Although chip seals can be
constructed in such environments with success, the time required for emulsions to gain sufficient
strength to resist the turning, acceleration and deceleration of vehicles in large volumes is often long
enough to preclude their use.

Materials
Aggregate Chips
Size, Shape and Gradation
Aggregates that interlock after construction rolling and early trafficking provide higher stability under
loads. This interlocked aggregate surface is more resistant to displacement, and thus has a lower
potential for dislodgement of chips. This, in turn, reduces the potential for vehicle damage and flushing.
Larger aggregates require higher emulsion application rates in order to provide an equivalent
embedment percentage as smaller aggregates. This higher application rate allows slightly more room
for error during construction with respect to depth of chip embedment in the binder. Also, the higher
binder application provides greater sealing ability.
Aggregates retained between two adjacent sieve sizes provide the best interlock. The next best are
aggregates that occupy the space between three adjacent sieve sizes. These are often described as one
and two-sized aggregate chips, respectively. The reason that one and two-sized chips perform the best
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is related to the manner by which the chips are embedded in the emulsion. If well graded aggregates
with fines are used, the fine portion of the gradation often enters the emulsion before the coarse
fraction. When this happens, the coarse aggregate chips have less binder available for adhesion. The
result is usually a loss of the coarse fraction, vehicle damage and flushing since the fine fraction is
inundated with binder.
Cleanliness
Emulsified asphalts can be produced with the ability to coat aggregate chips containing small quantities
of minus No. 200 aggregate. The maximum amount of this fine aggregate is dependent on the emulsion.
For example, medium setting emulsions can tolerate a higher percentage than most rapid setting
emulsions. This is often related to the demulsibility of the emulsion. The higher the demulsibility, the
less minus No. 200 can be tolerated before setting occurs and loss of adhesion to the coarse chips.
Moisture Content
Laboratory testing using a sweep test in this research and documented in Appendix B (Shuler, et al 2011)
has shown that aggregates in the saturated surface dry condition provide better adhesion than oven dry
aggregates. This is good news since construction aggregates are almost always damp.
Toughness and Durability
Aggregates must have enough strength to resist crushing during construction and trafficking.
Breakdown of the aggregate during construction and trafficking could lead to inundation and flushing if
the coarse particles were reduced to fine particles.
Porosity
Porous aggregates will absorb more asphalt than non-porous aggregates. This does not create
performance problems unless the amount absorbed is not accounted for during the design stage leaving
less binder available to hold the chips in place.
Asphalt Emulsion
Much of the performance of the chip seal is dependent on the asphalt emulsion. This is true during
construction before the emulsion has set, immediately after construction, and later. Performance is
related to the adhesive qualities of the binder for the aggregate chips and substrate pavement, the
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durability and flexibility of the binder and the ability of the binder to maintain these properties over a
wide range of environmental conditions and snowplow action.

Emulsion Type
Emulsified asphalts should be either rapid or medium setting types. Although rapid setting emulsions
allow faster removal of traffic control, in very hot weather they can set too quickly or even form a ‘skin’
on the surface after application creating a barrier to chip embedment. This is not to say that rapid
setting emulsions should not be used, just that medium setting emulsions have been observed to
provide greater leeway in the field. The disadvantage of medium setting emulsions is the time required
for setting. Therefore, traffic control must remain in place longer than with rapid setting emulsions.
Medium setting emulsions also may have the ability to coat dustier aggregates, if necessary. Therefore,
while rapid setting emulsions should always be considered the first choice as a chip seal binder, medium
setting emulsions may offer an opportunity if conditions are such to make rapid setting emulsions
challenging.
Emulsion Class
Emulsions are classified based on the particle charge imparted the asphalt droplets suspended within
the water phase of the suspension. Anionic emulsions have a negative charge and cationic emulsions a
positive charge. There are also a limited number of emulsions classified as non-ionic with no
appreciable charge. These emulsions can be considered interchangeable as both classifications should
provide equal performance. The laboratory experiments conducted in this research were, in-part,
designed to determine whether one class of emulsion was better suited to one type of aggregate with
respect to adhesive ability. Results reported in Appendix B indicate that before the emulsion has
broken, or set, there is a slight effect on adhesion due to particle charge. That is, the anionic favored
the limestone and the cationic the granite and basalt with respect to the sweep test loss. However,
after curing at the 80 percent level, there was no difference between the emulsion residues with respect
to sweep loss. Therefore, efforts to use anionic emulsions with theoretically positively charged
aggregates and cationic emulsions with supposed negatively charged aggregates appears to be
unwarranted and not necessary. This finding also seems reasonable since there is no evidence that
alluvial sources of aggregates, which usually contain many different geologic species, have any greater
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tendency to fail in adhesion when used in chip seals than quarried aggregates with singular geologic
species. However, the mechanism that causes anionic and cationic emulsions to set should be
considered when making the choice of which to use. Anionic emulsion setting characteristics are based
on evaporation of the water phase. Cationic emulsions set due to evaporation and chemical reactions
between the aggregate and emulsion. Therefore, the choice of which emulsion to use should take into
consideration the environmental conditions present during construction. If damp, rainy, or overcast
conditions exist, a cationic emulsion may set faster than an anionic.
Viscosity Grade
Emulsions are produced in two viscosity categories. Low viscosity is designated with a ‘-1’ and high
viscosity with a ‘-2’. Because aggregate chips require approximately 40 percent initial embedment
during construction, the high viscosity emulsions should always be used as the low viscosity emulsions
would flow off the substrate.
Application Rate
The binder application rate must be correct during construction if optimum performance of the chip seal
is to occur. Too little emulsion will not retain chips in place under traffic and too much emulsion will
lead to flushing and loss of friction. The optimal application rate is a function of the volume of voids in
the compacted aggregate chip layer, the volume and type of traffic, the pavement gradient and the
condition of the substrate pavement.
Viscosity During Construction
The viscosity of the emulsion during construction is important for several reasons. If the viscosity is too
low, the emulsion could flow off the pavement before the aggregate chips are embedded. The result
would be a loss of chips under traffic and potential environmental issues. If the emulsion viscosity is too
high, adequate wetting of the aggregate chips might not occur, resulting in a loss of chips, as well.

Construction Preparation
Preparation of the pavement surface prior to chip seal operations can influence performance of the chip
seal. This preparation varies depending on the condition of the existing pavement, but at a minimum
should include sweeping the surface if loose debris, dust or other contaminants are present.
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Fog Seal Pre-Treatment of Substrate
If the substrate surface is extremely dry or porous, or there is concern regarding loss of some of the chip
seal binder to the substrate for any reason, a light fog seal application should be considered prior to chip
sealing. Recent hot mix asphalt patches should be sprayed with a light fog seal prior to applying the chip
seal since new hot mix asphalt absorbs more emulsion than older sections of pavement. If not fog
sealed these new hot mix surfaces may display loss of chips.

Repairs
Alligator cracking, potholes, failing patches, and active cracks greater than ¼-inch in width should be
repaired prior to chip seal operations. These repairs should be accomplished long enough in advance of
the chip seal so that the hot mix asphalt patches are stable and chips will not become embedded.

Maintenance
Fog seals are often applied to a new chip seal to provide a small additional quantity of binder and a
higher contrast for pavement striping paint. An added benefit is the perception by the public that a new
roadway has been constructed. This perception can be negated without the fog seal if it appears the
previous paved roadway has been changed to an unsurfaced facility due to the presence of loose chips
on the surface. And, there is some preliminary evidence (Shuler 2008) that improved performance may
result from fog seals applied to fresh chip seals.
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Before a chip seal can be constructed there are certain factors that must be known about the pavement
upon which the new seal will be placed.

Selecting the Appropriate Pavement
Chip seals are most effective when applied to pavements with limited distress. This means cracking is
minor with widths less than 1/8-inch, rutting is less than 3/8-inch, and structural distress is isolated with
low severity fatigue. However, cracking is often more severe than this, rutting is more serious and
multiple patches are necessary to repair extensive fatigue cracking. Chip seals are often used in these
environments, as well. However, the user must be aware that the poorer the condition of the existing
substrate pavement, the shorter the life cycle of the new chip seal will be.

Evaluating the Substrate
The condition of the substrate pavement can have an effect on performance of the chip seal if certain
issues are not considered. These are texture of the substrate surface, resistance of the substrate surface
to penetration of the chips under traffic, variability of the substrate surface along the alignment, and
pavement gradient.
Substrate Texture
The texture of the substrate pavement must be known prior to chip sealing so that an adjustment can
be made for the design emulsion spray rate. Texture of the substrate can be measured using the sand
patch (ASTM E965) test to obtain the texture depth in millimeters. The adjustment to emulsion spray
rate can then be applied following the procedure described in the design section of this manual. Note
that this adjustment is for residue. Therefore, the amount of emulsion added must be determined from
the residue content.
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Penetration of Chips into Substrate
The substrate pavement should be tested using the ball penetration test described in Appendix K to
determine if chips are likely to penetrate the substrate pavement after trafficking and to what level. If
penetration is possible, adjustment to the emulsion application rate is required as described in the
design section of this manual.
Variability of Pavement Surface
The surface of the substrate affects the emulsion shot rate. Therefore, if the surface varies along the
alignment, the shot rate must change to match these conditions. A thorough map should be made
indicating where materials application rates should change in accordance with the changing substrate
conditions. These changes are relatively easy to communicate to equipment operators by painting on
the substrate surface in front of the distributor truck when application rates vary and communicating
what to look for to the operators.
Laboratory Tests
Certain tests should be performed on the materials before construction begins. These tests are
intended to determine: 1) the suitability of the materials, and 2) properties needed for design.
Pavement Preparation
The substrate pavement should be structurally sound before chip sealing. Areas demonstrating alligator
cracking should be patched the full depth of the pavement section using hot mix asphalt before
commencing chip seal operations. The surface of these areas should be sprayed with a light application
of slow setting asphalt emulsion diluted 50:50 with water at the rate of 0.10 gallons per square yard or
undiluted at the rate of 0.05 gallons per square yard and allowed to cure thoroughly before chip sealing.
Failure to apply the fog seal to the surface of the patch may allow the new chip seal binder to be
absorbed into the surface of the new patch reducing the amount of binder available to retain chips.
The substrate pavement should be clean before commencing chip seal operations. Dust and debris on
the surface should be removed by power brooms. Power brooms should be of the pick-up type in urban
areas so surface contaminants are not spread onto adjacent properties. Push brooms are sufficient in
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rural areas when spreading debris onto shoulders or adjacent properties will not cause conflicts with
property owners. Moisture content of the surface of the substrate pavement should be damp to dry. A
damp surface is acceptable as long as moisture is present only in surface aggregate voids and is not free
moisture between aggregates. The appearance of a damp pavement should not be glossy, but may have
a dull appearance.

Selecting the Appropriate Aggregate
The chip seals described in this manual are single application seals consisting of one application of
asphalt emulsion and one layer of aggregate chips. The maximum size aggregate in the chip seal has
much to do with the performance of the chip seal. Larger aggregates provide greater sealing
performance because of the higher asphalt volume needed to retain the chips in place. However, larger
aggregates produce more traffic noise, have rougher texture, and have greater potential to damage
vehicles. These advantages and disadvantages must be considered when making decisions regarding
chip seal selection.
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Aggregate Chips
Aggregate chips used for chip seals are described in the Colorado Standard Specifications in part 703-6.
However, an excerpt from the specifications is included below for convenience with explanations for
deviations from the standard when traffic volumes are less than 500 AADT.
Table 1. Aggregates for Chip Seals
Traffic Greater
Traffic Less Than
Than 500 AADT

Sieve
500 AADT

(CDOT 703-6 Spec)
3/8

100

100

4

0-65

0-15

8

0-15

10

0-10

50

0-6

200

0-3

0-1

L. A. Loss, %

< 35

< 35

2 Fractured Faces, %

> 15

> 90

Soundness Loss, %

<3

n/a
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Traffic Less Than 500 AADT
A recent research study conducted for CDOT (Shuler, 2013) evaluated the performance of two chip seals
on low traffic volume pavements where aggregate chips meeting the criteria shown in Table 1 were
utilized. Both pavements performed well after three years of service, so the aggregate requirements
shown in Table 1 are suggested when traffic volumes are lower than 500 AADT. The properties of the
chips shown in Table 2 are significantly less restrictive than those required for pavements carrying
higher than 500 AADT. Therefore, use of this aggregate chip standard when traffic is above 500 AADT is
not recommended.

Asphalt Emulsion
The Colorado Standard Specifications contain the requirements for emulsions used for chip seals in
Section 702-03, Table 702-2 and will not be repeated here. However, if certain properties of chip seal
emulsions are more focused, this can contribute to greater probability of success. Since this is one of
the objectives of this manual, these more focused tolerances will be explained here.
Table 2. Asphalt Emulsions
CRS-2P and -2R and HFRS-2P
702-03 Spec
Improved
Tests on Emulsion
Viscosity, 50C, Saybolt-Furol, s
50-450
90-120
Demulsibility, % min
40
70-90
Tests on Residue
Penetration, 25C, 100g, 5s, dmm, min
70-150
95-105
Property

Viscosity, 50C, Saybolt-Furol, s
The specification is too wide for successful chip seal binders. A limit from 90-120 seconds provides a
reasonable range that any competent emulsion producer can manage and will result in a much
improved binder for aggregate chips.
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Demulsibility, % min
This is a measure of how fast the emulsion will set after spraying. The higher the number, the faster the
set. The 70-90 values recommended provide rapid enough set that traffic control should not need to be
extended for lengthy time periods. The demulsibility of 40, as appears in the standard specifications, is
low enough, that if used could result in very lengthy set times, extending traffic control requirements, or
worse, if traffic control were released, damage to the chip seal or vehicles due to loose chips.
Penetration, 25C, 100g, 5s, dmm, min
The consistency of the residue is measured by penetration. Residues in the range of 95-105 provide a
hard enough residue to hold chips while not so hard to become brittle in cold temperatures. Residues of
95-105 are also readily emulsified.
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The quantity of emulsion and aggregate chips used for chip seal construction plays a large role in
determining the success of the seal. When too much emulsion is used, the chips are buried and flushing
occurs. If too little emulsion is used, the chips dislodge under traffic and windshield damage and
flushing occurs. When too many chips are used, excess chips break windshields and dislodge embedded
chips resulting in flushing. If too few chips are used, emulsion sticks to rollers dislodging chips and
flushing occurs.
The correct quantity of chips and emulsion can be easily determined prior to construction using the
design procedure described below.

Aggregate Chip Quantity
This design procedure assumes the completed chip seal will consist of a layer of asphalt emulsion and a
layer of aggregate chips, one aggregate thick. The aggregate chip quantity is determined in the
laboratory by spreading the aggregate chips to be used on the project on a board measuring three feet
by three feet. The weight of aggregate one chip thick on the board is determined and this becomes the
design quantity of aggregate chips. This sounds easier than it is. It usually takes about 30 minutes to
complete this test.
Method
Fabricate a board measuring three feet square. Three quarter inch thick particle board works well for
this. Attach 1-inch by 2-inch pine wood strips to the edge of the particle board to create a raised edge.
Weigh the completed board and record the weight in pounds. Place the chips to be used on the project
on the board. The quantity will vary depending on the gradation, shape, and crushed content of the
chips but should be no less than 10 pounds and no greater than 40 pounds. Try to fit as many chips on
the board within the confines of the 1 x 2 edging as possible. The chips should not overlap each other
and should be only one stone thick. Push the chips against the edge of the board until they start piling
up. Place as many chips as possible onto the board until every gap is filled. Reweigh the board
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containing the chips in pounds. Subtract the weight of the empty board from the weight of the board
with chips. This is the quantity of chips to be used on the chip seal in pounds per square yard. Record
this quantity as Q.

Asphalt Emulsion Quantity
The asphalt emulsion quantity is estimated by calculating the amount of asphalt to fill the voids between
the chips to a specific embedment depth. That relationship is as follows:
A = {5.61 e [1.33Q/W][1-(W/(62.4G))] T + V}/ R
Where the terms are as follows,
A

= Asphalt emulsion quantity, gallons per square yard

e

= embedment depth of aggregate chips, %

Q = quantity of chips from Board Test, pounds per square yard
W = loose unit weight of chips, pcf
G

= Specific gravity of chips

T

= Traffic Correction Factor

V

= Pavement Surface Correction Factor

R

= Emulsion Residue, %

There are a lot of terms in this equation and it looks complicated. It is not. The only laboratory
measurements needed are Q, W and G.

The result of the calculation above is the estimated asphalt emulsion spray rate. This rate is the best
estimate of how much emulsion should be applied prior to actually doing it. However, be prepared to
change this during construction if the appearance of the application is not acceptable. How this is
judged will be described in the chapter on construction.
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Table 3. Traffic Correction, T
AADT*
Traffic Factor, T

•

< 100

100-250

250-500

1.20

1.15

1.10

Above 500 AADT requires no correction

Table 4. Substrate Surface Condition, V
Existing Surface Condition

Correction Factor, V, gal/square yard

Flushed-bleeding

-0.06

Smooth, non-porous

-0.03

Slightly porous, slightly oxidized

0.00

Slightly pocked, porous, oxidized

+0.03

Badly pocked, porous, oxidized

+0.06

Extra Chips to Avoid Roller Pick-up
Some extra aggregate should be spread during chip seal construction with emulsions than is actually
needed to produce a one-stone layer. This extra material is applied to aid in reducing the potential for
chips to be picked up by pneumatic rollers during construction. The amount of excess material will vary,
but should be approximately 5 percent and never more than 10 percent.
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There are four types of equipment used for chip sealing. They are: 1) pressure distributor, 2) chip
spreader 3) rollers and 4) brooms. This manual assumes the reader knows what this equipment is and
how it is used. However, the reader may not be as familiar with the calibration of the distributor or the
chip spreader. Calibration is very important to assure the quantity of emulsion and chips applied to the
pavement is correct. Although many modern asphalt distributors and aggregate spreaders are computer
controlled, calibration is required to tell the computer how much emulsion is actually being applied. So,
this quantity must be checked prior to spraying emulsion and spreading chips and checked against the
quantity the computer (if the distributor is so equipped) indicates is being applied. When verified, the
computer can be utilized for the remainder of the project to confirm application rates.

Pressure Distributor
The distributor truck applies asphalt emulsion to the pavement surface. This must be done uniformly
both transverse and longitudinal to the centerline of the pavement. The transverse application is only
uniform if all the nozzles in the spray bar are the same size, are flowing at the same rate, are oriented
the same direction and are the same distance above the pavement.
Nozzle Angle
The next step in calibrating the distributor is adjustment of the spray bar nozzle angles. Each nozzle has
a slot cut across the face of the nozzle. When the nozzle is threaded into the spray bar, the slot should
be positioned at an angle of approximately 30 degrees to the direction of the spray bar as shown in
Figure 1.
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Figure 1. Spray Bar Nozzle Orientation in Spray Bar
The angle the nozzles are positioned should be adjusted using the special wrench supplied with the
distributor as shown in Figure 2.
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Figure 2. Adjusting Nozzle Angle with Nozzle Wrench
However, in cases where this wrench is unavailable, a wrench that fits the hexagonal nozzle will suffice
but the angle will have to be judged visually.
All nozzles fitted to the spray bar should be full fan nozzles with the exception of the right and left edge
nozzles. These nozzles should be half fan nozzles adjusted so the spray from the nozzle remains to the
inside of the spray bar.
Spray Bar Height
The next step in calibrating the distributor is adjustment of the spray bar height. If the bar is too high,
excess emulsion will form longitudinal ridges on the pavement, sometimes referred to as ‘roping’ as
shown in Figures 3 and 4.

Bar Set Too High

Streaks from Excess Emulsion
Figure 3. Streaks With Bar Too High
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Figure 4. Streaks With Bar Too Low

Bar Set Too Low
Streaks from Lack of Emulsion
Therefore, to obtain a uniform, even application of emulsion, the bar must be adjusted to the correct
height. This adjustment process is accomplished by shutting off nozzle to determine where the spray
pattern contacts the pavement as shown in Figures 5 and 6. Every other nozzle should be turned off for
a double lap application and two nozzles should be turned off for every one that is left on for a triple lap
application. The distributor operator should spray emulsion onto the pavement surface for as short an
interval as possible while an observer watches where the emulsion hits the pavement from each nozzle
left open. If the emulsion overlaps for a double lap application, the bar is too low, as shown in the
photo in Figure 7. If there is a gap between the emulsion application, the bar is too high. Note that as
the distributor empties during spraying, the bar height will rise. However, this is not usually enough to
cause significant streaking worth adjustment of the spray bar.

Turn Off These Nozzles

Emulsion Contact for Double Lap Application
Figure 5. Obtaining No Streaking for Double Lap Application
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Turn Off These Nozzles

Emulsion Contact for Triple Lap Application
Figure 6. Obtaining No Streaking for Triple Lap Application

Overlap
Creates Streaks
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Figure 7. Photo of Spraybar Set Too Low

Transverse Flow Rate
Nozzle size should first be checked. This is done by measuring the width of the slot in the nozzle and by
measuring the orifice diameter. Also, some nozzles are labeled by the manufacturer. E. D. Etnyre
supplies a list of nozzles in the owner’s manual describing which nozzles should be used for various
application rates as shown in Figure 8.
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Figure 8. Nozzle Sizes for Etnyre Distributors
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However, nozzles of the same apparent size have been measured with different flow rates. Therefore, it
is recommended that all nozzles be checked for flow rate before chi p seal operations begin. This is
easily accomplished by fabricating a flow apparatus. This apparatus consists of a pipe to which each
nozzle can be fitted, in turn, on one end and a water source can be fitted to the other end. The flow of
water through each nozzle should be measured by filling a one gallon container after a measured period
of time. This should be done for each nozzle to be used on the project. If the flow rate of any of the
nozzles is greater than 10 percent of the average of all the nozzles to be used these nozzles should be
discarded, or modified to flow within the 10 percent tolerance.
Determination of uniform lateral flow from the spray bar is determined by collecting a measured volume
of emulsion in containers placed under each nozzle. This process is practical (Shuler 1991) using
standard 6-inch by 12-inch concrete cylinder molds lined with one-gallon zip-lock freezer bags. The
cylinder molds can be re-used and the zip lock bags discarded appropriately with the contents.

Longitudinal Flow Rate
Longitudinal calibration of the distributors is best accomplished by measuring the volume of the
distributor before and after spraying enough emulsion to reduce the volume of the distributor by 70 to
90 percent.
The longitudinal flow rate must be measured with all nozzles inserted in the distributor bar. First, the
quantity of asphalt emulsion in the truck must be determined. Although there is a volume indicator on
the rear of most modern distributors, these are not calibrated in small enough increments to be of use
for calibration and should not be used for this purpose. Instead, the dip stick supplied with the
distributor must be used. This dip stick is usually carried on the top of the tank near the inspection
hatch. Prior to shooting emulsion, take a volume reading with the dip stick as shown in Figure 91.
Record this volume as ‘beginning volume’. Set up the truck to shoot emulsion and shoot a minimum of
3000 feet by 12 feet of emulsion at the design rate using the gallon per minute pump flow volume and

1

Pay attention to how the dipstick is used. Many dipsticks are not intended to be submerged in the emulsion, but
instead, are inserted into the top of the tank only until the tip of the dipstick touches the surface of the emulsion.
Then, the volume in the tank is read by indexing the top of the inspection cover to the reading on the dipstick.
Etynre Manufacturing uses this method and an example of what the dipstick looks like is shown in Figure 10.
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Figure 9. Recording Initial Tank Volume with Dipstick
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0 gallons

Figure 10. Closeup of Etnyre Dipstick

truck speed required by the manufacturer to attain this flow rate. Take a second dip stick reading.
Record this reading as ‘ending volume’. Subtract ‘ending volume’ from ‘beginning volume’ and record
this as ‘volume used’. Determine the area of emulsion sprayed. Divide ‘volume used’ by the area
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sprayed in square yards. This is the gallons per square yard applied to the pavement. This value should
then be compared to the distributor computer, if equipped, to evaluate the accuracy of the computer.
A correction factor may then be applied to the computer output, if needed, and used for the remainder
of the day. This calibration should be accomplished each day. An example of this calibration is
presented below:
Given: 1800 gallon capacity asphalt distributor
12 foot wide spray width
Trial spray distance = 3630 feet
0.32 gallon/yd2 design spray rate
Dipstick reading beginning of shot = 1765 gallons
Dipstick reading end of shot = 265 gallons
1.

Check to see if enough volume shot. 1765-265=1500 gallons
a. 1500/1765 = 85 percent >70% and <90%. OK, enough applied to be valid

2. Calculate spray rate = 1500 gallons / (12 x 3630/3) = 0.31 gallons/yd2

Therefore, decrease distributor speed, or recalibrate computer and re-check.

Aggregate Chip Spreader
The author has tried various methods of calibrating this equipment and found that none works any
better than a visual assessment for lateral distribution. The veil of chips deposited on the pavement
from the spreader box can be viewed easily either from the front of the box with the spreader
approaching the observer or from behind with the spreader moving away as shown in Figure 11. Either
position for the observer is adequate for viewing how uniform the veil of chips is falling out of the
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spreader box. Any gaps of light coming through the chips indicate an excess of chips. Any excess light
means a lack of chips. Either instance means the machine should be stopped, the gates on the spreader
contributing to the non-uniformity adjusted and the trial rerun. This procedure provides adjustment to
the transverse spread rate. As an alternative, an objective means of conducting this exercise is
described in ASTM D5624, “Determining the Transverse Aggregate Spread Rate for Surface Treatment
Applications”.

Figure 11. Uniform Veil of Chips Looking from Behind Spreader

Longitudinal Spread Rate
Once the transverse spread rate is adjusted the longitudinal rate can be adjusted. This is also done
visually, at first. Begin spreading chips into the fresh emulsion when a few chips cast by hand stick to
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the emulsion and do not roll over. This should be done well before the emulsion begins to ‘break’ or
‘set’, but not immediately after spraying unless temperature, wind, or high demulsibility demand it.
The application rate of the chips should be very similar to the design rate. This is a rate where
immediately upon dropping the chips, the appearance of the surface has a significant amount of
emulsion showing. In fact, the chip quantity should seem somewhat inadequate. However, the rate
should not be low enough to cause pickup problems on rubber-tire rollers. However, the rate should be
such that a small decrease in rate would cause pickup. In no case should emulsion not be visible upon
first dropping the chips. If all emulsion is covered, there is an excess of chips and the rate should be
reduced.
Evaluating the quantity of chips being placed is important after the rate is established. This provides a
quantitative baseline for future work. The best method to accomplish this evaluation is by weighing the
chip spreader before and after applying the chips and calculating the spread rate based on the area
covered. This is often not practical. Therefore, a suitable alternative includes estimating the quantity of
chips spread over a known area by knowing the weight of each transport truck supplying the spreader
and dividing the estimated weight of chips spread by the area covered for that load.
An example follows:
Given:
Trucks loading the chip spreader are 12 ton capacity tandem dumps
12 foot wide pavement
28 pounds per square yard design spread rate

1.

Check Truck No. 1
a. Load = 23,803 lbs
b. Spreader distance = 213 feet
c. Rate = 23,803/213x12/3 = 27.9 lbs/yd2
2. Check Truck No. 2
a. Load = 23,921 lbs
b. Spreader distance = 211 feet
c. Rate = 23,921/211 x 12/3 = 28.3 lbs/yd2
3. Check Truck No. 3
a. Load = 23,848 lbs
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b. Spreader distance = 213 feet
c. Rate = 23,848/213 x 12/3 = 28.0 lbs/yd2
4. Average Rate = (27.9 + 28.3 + 28.0) / 3 = 28.1 lbs/yd2
5. No adjustment needed since measured rate is within 1 percent of design.

Compensation for moisture on chips must be taken into account when calibrating chip spreaders. The
above example indicates no adjustment is needed since the measured spread rate is within 0.10 lbs/yd2
of the design spread rate. However, if the chips above had contained as much as 1.02 percent moisture
that was unaccounted for, the application rate would have been too low.
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Environmental Conditions
The ideal ambient air temperature is 70F and rising with little or no wind. However, construction of
many successful chip seals has commenced before the ambient air temperature reached 70F as long as
ambient air temperature was expected to be 70F and rising within 60 minutes after commencing work.
Wind speeds in excess of 20 mph transverse to the pavement alignment can blow asphalt emulsion onto
opposing traffic on two lane facilities, therefore chip seal operations should be avoided under these
conditions.
Avoid beginning chip seal operations if rain is threatening. There is a possibility that a rain storm could
wash asphalt emulsion onto concrete gutters or into roadside ditches.
Ambient air temperatures in excess of 110F with the sun shining or with moderate winds can cause
emulsified asphalts to form a ‘skin’ on the surface and may prevent the emulsion beneath the ‘skin’ to
adequately set. This situation may require chips to be spread closer to the distributor so the chips
become properly embedded. However, a lower viscosity emulsion and residue may result which could
lead to higher potential for pick up on rubber tire rollers. Increasing the demulsibility of anionic
emulsions has reportedly helped remedy this situation on some projects (Shuler 1991).

Emulsion Application
Start and stop each emulsion application by spraying on top of 15 lb/yd2 roofing paper or similar
dimensioned, equally heavy craft paper placed transverse to the centerline of the pavement. The
distributor operator should position the spray bar at the rear of the paper on take-off so that by the
time the bar reaches the pavement the distributor speed is appropriate for the application rate desired.
A calculation of approximately what distance the distributor will travel before reaching a volume of not
less than 10 percent remaining should be done based on the emulsion application rate. A new strip of
roofing paper can be positioned transverse to the centerline at this location and weighted down with a
shovel-full of chips at each end. The distributor operator should be instructed to stop spraying when the
spray bar has passed over the paper.

34

Chapter 7

Construction Operations

Chip Application
Chips should be applied to the surface of the fresh emulsion before it begins to set but not necessarily
immediately after spraying. If the chips are applied too early, there is risk that the chips will roll over in
the emulsion due to momentum created by the forward movement of the chip spreader. This means
there is less binder available to hold the chips in place and also the exposed binder becomes susceptible
to being picked up on roller tires. Therefore, the adhesive quality of the emulsion should be checked to
determine when to apply the chips. This is best determined by throwing a handful of chips onto the
emulsion and observing whether they stick to the surface or tend to roll over. Some experimentation is
necessary to obtain the proper judgment needed to evaluate the proper timing, but this can usually be
accomplished during the first distributor application. In many cases, changes in environmental
conditions during construction will require this test be repeated during the day since humidity, chip
moisture, emulsion properties and ambient air temperature affects timing of chip application.
Check the Chip Quantity
Although a design was done in the laboratory to determine the chip application rate, adjustments are
sometimes needed in the field. This should be done during the first day of construction to make sure
the chip quantity is just right. This is best done by observing the appearance of the chips after they have
been dropped into the emulsion, but before rolling. The appearance should look like that shown in
Figure 12. Notice that some emulsion is visible between many of the chips. This is good. If emulsion
cannot be seen between the chips, the chip rate is too high. Conversely, too much emulsion showing
through between the chips will cause pickup on rubber tires.
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Figure 12. Appearance of Chips in Emulsion Before Rolling

Rolling
There are many opinions regarding the type of rollers to use to embed chips on chip seals. Pneumatic
rollers have a tendency to pick up chips due to the affinity of asphalt residues for rubber tires. However,
these rollers also do not have a tendency to crush chips insitu as do steel wheeled rollers. Although
lightweight steel rollers of three tons or less may provide a means of leveling the surface of a new chip
seal after pneumatic rolling, much caution must be applied to avoid breaking aggregate chips. Also, any
permanent deformation in the wheel paths will result in these areas not being adequately rolled.
Therefore, although steel rollers are not recommended, some benefits may be derived from their use;
but significant consequences, such as premature chip loss, resulting from potential crushing of chips
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must be recognized.
The number of rollers used to set aggregate chips in place is important. Rollers must be able to keep up
with the distributor and chip spreader and still provide enough passes to embed the chips. If the rollers
travel too fast, embedment will not be achieved. Therefore, the number of rollers used is a function of
the roller speed, roller width, distributor and chip spreader speed and the number of passes required to
achieve embedment. The faster the rollers move, the more rollers will be required to achieve
embedment. This is because (Benson and Gallaway 1953, Elmore, et al 1995) rollers need to ‘linger’
over an area of chip seal to obtain the desired chip embedment. Calculation of the number of rollers
required has been analyzed (Gransberg 2004) based on this linger time and the assumption that the
rollers should match the production of the distributor and chip spreader as follows:

N = 6.67 P x / A
Where,
N
P
x
A

=
=
=
=

number of rollers
distributor speed, fpm
lane width, ft.
area covered in one hour by rollers to get minimum ‘linger’, yd2

So, for a distributor traveling at 200 fpm and spraying 12 feet wide at a conservative 5000 square yards
per hour coverage rate, N = 3.32 or 4 rollers.
Fewer rollers than this will mean rollers will not be able to keep up with the distributor and spreader
while maintaining the 5000 yd2 / hr. rolling rate. If they do keep up, it means the rollers are not
spending enough time embedding aggregates because they are traveling too fast.

Sweeping After Rolling
The small quantity of chips remaining after rolling should be swept no later than the morning after chip
seal operations have been completed. This can be done with vacuum brooms or push brooms. Much
care should be applied to this operation since significant damage can to the chip seal can result from
brooming. Nylon bristles, not steel, should be utilized in brooms.
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The time required before sweeping or traffic can be allowed on the fresh chip seal has been found to be
related to the moisture content in the chip seal (Shuler et al 2011, Howard et al 2011). The simple
laboratory test described in Appendix B is conducted using project aggregates and emulsion to
determine when the chip seal can withstand these stresses. Samples of the emulsion and chips are
fabricated in the laboratory and tested at three moisture contents. The moisture content where less
than 10 percent of the chips are dislodged during the test is the target moisture content to be achieved
in the field before sweeping or traffic operations should commence. This moisture content has been
found to be that point when 85 percent of the total moisture in the chip seal is gone. This can be
determined by simply measuring the moisture in the chips during construction, adding this moisture
content to the moisture content of the emulsion and measuring the moisture loss after constructing the
chip seal over time. A method describing this process is included in Appendix C (Shuler, et al, 2011).
The time required for the chip seal to lose 85 percent of the total moisture varies, depending on several
variables, including: total moisture of the chip seal, ambient temperature, pavement temperature, wind
velocity, humidity, time of year and latitude which affects the solar angle, and shade. Because of all of
these variables, time is not a good criteria for determining when to open a chip seal to traffic.
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Chip seal quality control is important to ensure desired performance. The following section describes
procedures that should be followed to optimize the probability of success for a chip seal project.

Aggregate Sieve Analysis
Aggregate gradation should be checked whenever there is potential for significant variation in the chip
gradation. For example, if chips have been stockpiled near the project and there is sufficient quantity to
supply the entire project, a complete gradation analysis before construction begins, and every 100 tons
thereafter should be adequate to provide the information needed to provide confidence that materials
application rates are correct. However, improper loader operations at the stockpile can produce excess
No. 200 screen materials and should be monitored accordingly. Gradations should not vary from the
design ‘job mix formula’ by more than the amounts shown below:
Sieve
¾
½
3/8
No. 4
No. 8
No. 200 0.5

+/-, %
5
5
4
3
1

When chips are supplied from multiple locations, or from sources still producing chips, sampling and
testing for gradation should be done with more frequency, and may require checking of each truck if
high variability is suspected. If this is necessary, a full sieve analysis may not be practical. Instead, hand
sieving in the field using only the coarse aggregate screens can provide information to judge suitability
of the material or to determine if more precise laboratory testing is justified.

Moisture Content of System
The moisture content of the chips should be measured at the beginning and the end of the day. This
information is needed for determination of when to broom and remove traffic control. Moisture
content can be determined by any means that provides for complete moisture evaporation from the
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chips. This can be done using a forced draft oven or a microwave oven. By weighing the chips before
and after removing moisture the moisture content can be determined using the following relationship:

w, %

=

Weight Wet – Weight Dry x 100
Weight Wet

Embedment Depth Measurement During Construction
Embedment depth is usually determined during construction by pulling several chips out of the binder
and visually estimating the amount of embedment. By estimating how much of the chip is coated with
asphalt residue, an estimate of the embedment depth can be determined.

Field Viscosity
The viscosity of the emulsion should be checked for each transport load. Saybolt viscosities are
desirable. However, in the absence of a properly equipped field laboratory or personnel a substitute
test has been found suitable to estimate the flow properties of the emulsion. This test is based on a
Wagner cup (part no. 0153165) and an apparatus developed by Wyoming DOT. A modification to the
Wagner cup was found to increase flow rates for some emulsions and improve repeatability. Therefore,
the stock cup should be drilled to provide a 6mm and 7.5 mm orifice. Flow times of 20 to 70 seconds at
85 to 150F for a 6 mm orifice or 10 to 60 seconds at 85 to 140F for the 7.5 mm orifice have been found
to provide satisfactory flow rates. Limited research was done to provide these values and other orifices
and flow times may also provide satisfactory results. The test procedure is included in Appendix D.
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Less Than One Year
The very early life of the chip seal is judged based on chip loss and inundation of chips. Chip loss can
happen as soon as a few hours after removing traffic control. If this loss is greater than 10 percent of
the chip quantity applied (assuming this was a one-layer chip application) then performance is not
acceptable and an investigation regarding the cause should be conducted. Often, early failures of this
type are due to higher than appropriate chip application rates or lower than appropriate emulsion
application rates, or both. Early chip loss can also be due to excess fine aggregate particles, or a change
in aggregate gradation that was not accounted for by an appropriate change in emulsion application
rate. Unexpected low temperatures or wet weather can cause early chip loss, as well as removal of
traffic control before adequate residue adhesion has developed.
Inundation of chips occurs because of high emulsion application rate or embedment of chips in the
substrate, or both.
Streaking, or roping is caused by the spray bar on the asphalt distributor being either too high or too
low. Correction after construction is not possible without the application of another seal.

Greater Than One Year
Performance after one year can be measured using texture depth. Some specifications (Austroads 2006)
limit design life based on texture of less than 0.035 in. (0.9 mm) on pavements with speeds greater than
43 miles per hour. The relationship shown below has been proposed (Gransberg and James 2005) as a
means of predicting approximate texture after one year:

Td1

=

0.07 ALD log Yd + 0.9

where
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Td1

=

texture depth in 1 year (mm);

Yd

=

design life in years; and

ALD

=

average least dimension of the aggregate

Texture depth is determined using sand patch tests. If texture is less than the predicted value, the chip
seal should be monitored to determine if a loss of texture beyond the limits that can be tolerated is
expected.
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Because of the complex nature of chip seals, the following checklist has been developed to assist those
practicing chip seal science to make sure all the ‘boxes are checked’.

Should a Chip Seal be Used?
Pavement Condition
Cracked
<1/8 “

>1/8”

Chip

Seal/Chip

Rough/Ravelled

< 3/8” Rutted

Chip

Chip/Thin
HMA

Flushed
Soft Surface
Hard Surface
Evaluate
Chip
before Chip

Traffic
< 500 AADT

> 500 AADT

Chip Column 1,

Chip Column 2,

Table 1

Table 1

Design Quantities
Chip Quantity

Emulsion Quantity

‘Board Test’

Measure Q, W, G and Calculate

Preconstruction
Texture

E965

Substrate Pavement
Toughness Variability

Ball Pen

Equipment
Distributor

Prep
Severe
Allig?

Nozzles

Bar

Judge
Patch/Fog

Size?
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Plugged? Height

Lat
Flow

Flow
Long
Dipstick
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Chip Spreader
Transverse Spread

Longitudinal Spread

Visual Judgement/ASTM D

Measure

Construction
Environment
Ambient Temperature
> 110 F during
Wind < 20 mph

> 70 F 1 hour after
beginning

Rain within 1 hour?

Chip Closer to
Distributor

Operations
Emulsion Applic

Chip Applic

Start/Stop on

‘Chip Cast’ Test

Paper

Passes

Pneumatic Rollers, Only

Sweepers

Traffic < 500

Traffic > 500

Light Applic

AADT

AADT

w/Nylon at 85%

2, min

3, min

moisture loss

Quality Control
Chip Gradation

‘System’ Moisture %

Embedment Depth

Emulsion Viscosity

30-40% before rolling

90-120 SFS, s

< 15% for sweeping
Within Tolerances?

and traffic control
removal
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APPENDIX B – Laboratory Chip Loss Test
The objective of this test is to measure the adhesive strength of emulsified asphalt for aggregate
chips as the emulsion sets and becomes a residual binder. This laboratory test was developed to
be used to determine at what moisture content the chip seal can accept traffic with minimal
chip loss. This correlation has been determined to be approximately 85 percent total moisture
loss.
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Standard Method of Test for

Laboratory Chip Loss from Emulsified
Asphalt Chip Seal Samples
1.

SCOPE

a.

This test method measures the quantity of aggregate lost, at variable
moisture levels of systems of asphalt emulsion and aggregate chips, by
simulating the brooming of a chip seal in the laboratory.

b.

The values stated in SI units are to be regarded as the standard unless
otherwise indicated.

c.

A precision and bias statement for this standard has not been developed at
this time. Therefore, this standard should not be used for acceptance or
rejection of a material for purchasing purposes.

1.1

This standard does not purport to address all of the safety concerns, if any,
associated with its use. It is the responsibility of the user of this standard to
establish appropriate safety and health practices and determine the applicability
of regulatory limitations prior to use.

2.

REFERENCED DOCUMENTS

1.2

ASTM Standards:
C 29, Standard Test Method for Bulk Density (“Unit Weight”) and Voids in
Aggregate
C 127, Test Method for Density, Relative Density (Specific Gravity), and
Absorption of Coarse Aggregate
C 136, Sieve Analysis of Fine and Coarse Aggregates
D 8, Terminology Relating to Materials for Roads and Pavements
D 75, Practice for Sampling Aggregates
D 140, Practice for Sampling Bituminous Materials
D 226, Specification for Asphalt-Saturated Organic Felt Used in Roofing and
Waterproofing
47

Appendix B – Laboratory Chip Loss Test
D 977, Specification for Emulsified Asphalt
D 2397, Specification for Cationic Emulsified Asphalt
D 7000, Standard Test Method for Sweep Test of Bituminous Emulsion Surface
Treatment Samples
1.3

ISSA Document:

2. ISSA Technical Bulletin No. 100 Test Method for Wet Track Abrasion
of Slurry Surfaces
2.1

FHWA Publication - The Asphalt Institute:

3. FHWA-IP-79-1 A Basic Asphalt Emulsion Manual
a.

USDOT - Texas Transportation Institute:
4. Field Manual on Design and Construction of Seal Coats Research Report
214-25, July 1981

2.5

Hanson, F. M., “Bituminous Surface Treatments on Rural Highways”,
Proceedings of the New Zealand Society of Civil Engineers, Vol. 21,
1934-1935, p 89.

3.

SUMMARY OF TEST METHOD

a.

The sweep test is effective for defining the film formation stage and relative
binding ability of asphalt emulsions interacting with aggregates when the
result of this test is compared to that produced by other combinations of
emulsions and aggregates. A brush (designed to closely replicate the
sweeping action of a broom) exerts a force on the aggregate used on surface
treatments. Asphalt emulsion and a single layer of aggregate chips are
applied to an asphalt felt disk. The sample is then conditioned in an oven to
arrive at a prescribed emulsion/chip moisture content before testing. A
mixer abrades the surface of the sample using a nylon brush. After one
minute of abrasion, the test is stopped, any loose aggregate is removed, and
the percent mass loss is calculated.

4.

SIGNIFICANCE AND USE

a.

This test method is useful for classifying the interaction of rapid-setting
asphalt emulsions with various aggregate types and is applicable to surface
treatments that require a quick return to traffic. The test has the ability to
predict the relative speed with which a binder-aggregate combination will
develop a traffic-sustaining bond in comparison with other combinations. It
also has the capability to predict surface treatment performance in the
formative stage using project materials. This performance test is intended
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to evaluate the potential curing characteristics of a binder- aggregate
combination to ensure that the surface treatment is sufficiently cured before
allowing traffic onto the chip seal.
5.

APPARATUS

a.

Mixer – Use to abrade the sample.

b.

Quick-clamp Mounting Base – This base must be an adequate and level
support for clamping the sample in place. The test sample should not move
during abrasion.

c.

Pan – An appropriate pan will contain the test sample on the mixer and hold
dislodged aggregate.

d.

Oven – The conditioning oven shall be a constant temperature forced draft
oven meeting the requirements given in Table 1 and containing shelves with
at least 65% voids. The shelves shall be placed at least 120 mm apart and
100 mm away from the top and floor.

Table 1—Oven Specifications
Oven Type
oven

Forced draft

Min. Inside D x W x H
460 mm

460 x 460 x

Accuracy

+ 1.0º C

e.

Balance – A balance capable of weighing 800 g or more to within + 0.1 g.
A minimum platform length and width of 240 mm is required.

f.

Removable Brush Holder – The brush holder (Figure 1) shall be attachable
to the mixer and capable of a free floating vertical movement of 19 + 1 mm
having the dimensions listed in Figure 1. The total mass of the brush head
and the attached weight shall be 1500 + 15 g. The collar and nylon strip
brush are not included in this mass. The brush clamping system shall hold
the nylon strip brush in place so that it will not move or dislodge during
testing.
Dimensions
ID

Name

mm
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A

Collar diameter

36

B

Collar height

76

C

Brush head length

128

D

Overall brush head height

19

E

Groove height

17

F

Groove width

18

H

Slot height

19

W

Slot width

7

Figure B1—Brush Holder
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g.

Nylon strip brush – The brush shall conform to the specifications given in
Table 2.

Table 2—Brush Specifications
Overall Trim

25.4 mm

Overall Length

127 + 1 mm

Backing Size

#7

Fill Material
nylon

Crimped black

Nylon Type

6.0

Fill Diameter

0.254 mm

Weight

35 + 2 g

h.

Strike-Off Template – The template should consist of a flat, stainless steel
metal plate with approximate overall dimensions of 600 mm x 450 mm to
allow for accumulation of excess (struck-off) emulsion on the template
surface. It shall include a 280 + 3mm diameter circular cut out with a flush
edge. A template fabricated from 16 gage U.S. Standard (Plate and Sheet
Metal) material will suffice in most cases. Where several templates are to
be used, it is helpful to fabricate all templates with the same overall
dimensions and location of the circular cut-out.
Note 1—Emulsion mass may vary according to emulsion viscosity and applied
strike off pressure. Alternative gages may be necessary for emulsion mass
correction for varying aggregate sizes and shapes. See Appendix A2 for guidelines
to calculate the required emulsion volume (and, therefore, the required template
gage) for varying emulsion residual contents and aggregate sizes.

i.

Strike-Off Rod – The 750 + 100 mm long rod shall be made of 12.5 mm
electrical metal conduit or 12.5 mm wide x 3 mm thick metal for striking
off emulsion from the template surface. See Note 2 for other
recommendations.
Note 2—Emulsion viscosity and the cross-sectional thickness of the strike-off rod
directly affect the formed emulsion volume. In this regard, it is prudent to
experiment with differently shaped strike-off rods in order to arrive at a tool that
is compatible with the emulsion in producing an emulsion volume that is
consistently related to the template volume. A more viscous emulsion is
recommended for this test as it enables easier handling and specimen
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manufacture. Additionally, a narrow area of contact, such as that between a 3
mm thick, rounded edged, strike-off rod and the emulsion, is recommended to
allow for a more consistent strike-off result with a wide range of emulsion
viscosities. The rod must be approximately 12.5 mm wide to avoid emulsion
mounting over the top edge. It is crucial that the rod be stiff and resistant to
flexure and be handled in a manner in order to avoid flexure.

j.

Sweep Test Compactor – A suitable compaction device with a minimum
curved surface radius of 550 + 30 mm and shall weigh 7500 + 500 g. A
picture of this apparatus can be seen in Figure 2.

k.

Working Platform – Specimens are manufactured on the 600 mm x 600 mm
working platform which shall be made horizontally level and shall be fixed
to a stationary work table. It should be placed at a corner of the work table
such that it is comfortably accessible from the two perpendicular sides at
the corner of the table. A circular etching is made on the platform surface
to allow positioning of the asphalt disks. A metal strip with appropriate
markings is permanently fixed to the platform at a location such that the
strike-off template may be quickly and easily positioned with its cut out
centered over the asphalt disk. The platform also has markings and keyholes
for positioning and temporarily fixing the sliding-plate chip dropper
apparatus. See Figure 3.

52

Appendix B – Laboratory Chip Loss Test

Figure B2—Sweep Test Compactor
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Figure B3—Working Platform
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Figure B4—Sliding-Plate Chip-Dropper
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Figure B5—Aggregate Former
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Figure B6—Pin Grabber
l.

Sliding-Plate Chip-Dropper – It consists of rails elevating two sliding plates
above the formed emulsion. This apparatus is temporarily attached to the
working platform and centered over the emulsion previously formed on the
asphalt disk. The plates are used to position and suspend aggregate chips.
When pulled away, the sliding plates no longer suspend the aggregate chips
and these fall onto the asphalt emulsion. See Figure 4.

m.

Aggregate Former – A circular metal hoop of the same internal diameter as
the circular cut out in the strike-off template. This device is positioned
centrally on the sliding plates of the chip dropper and is used to form a precalculated mass of aggregate chips into a circular horizontal area one stone
deep. See Figure 5.

n.

Pin Grabber – After aggregate chips have been formed into a single layer,
the aggregate former is removed and the pin grabber is positioned over the
aggregate chips and attached to the chip dropper. The grabber consists of
thousands of pins spaced apart from each other by uniformly perforated
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plates. The plates prevent any appreciable lateral motion of the pins and,
practically, allow only vertical motion of the pins. As the grabber is
lowered, by means of guides fixed to the chip dropper, over the aggregate
chips, the pins come into contact with the aggregate chips. When the chip
dropper plates are slid horizontally, the pins prevent aggregate chips from
moving horizontally. As the plates are slid from beneath aggregate chips,
the chips fall vertically onto the asphalt emulsion and assume the same
orientations that were given to them on the plates prior to sliding. See Figure
6.
o.

Glass Bowl – A glass container with a secure and air-tight cover that will
allow mixing of the moisture with aggregate, thus enabling absorption.

2

MATERIALS

p.

Aggregates – The job aggregates should be sampled and split according to
practice D75. They shall be placed in an oven and dried to a constant weight.
Unless naturally sourced aggregate samples are being tested, the aggregates
shall be dry sieved to obtain a test sample that has 100% passing the 9.5mm
sieve and < 1% passing the 4.75mm sieve. The amount of aggregate used
(Note 3) shall be calculated such that a single layer of aggregate is applied
to the specimen.
Note 3—Aggregate mass will vary according to bulk specific gravity (BSG),
flakiness index, size and shape of the aggregate particles. Aggregate coverage
rates are to be calculated for each source. See Appendix A1 for guidelines to
calculate the required aggregate mass.

q.

Asphalt Emulsion – The asphalt emulsion should meet all applicable
specifications for the surface treatment application. The asphalt emulsion
shall be equilibrated to a temperature of 60º C for sample production.
Note 4—Emulsion volume will vary according to the void volume which exists
between aggregate particles and the residual content of the emulsion. Asphalt
emulsion coverage rates are to be calculated for each source and for each
combination with different aggregates. See Appendix A2 for guidelines to
calculate the required emulsion volume.

r.

Asphalt Felt Disk – Produce sample disks from 30 lb asphalt felt paper,
Specification D226, Type II. The asphalt felt disks shall not have breaks,
cracks, tears, protuberances, indentations, or splices. The felt shall be cut to
make 300 + 10mm diameter disks. The disks shall be placed in a 50º C oven
for 24 to 72 h to flatten. Manipulate the disks until they are flat and store at
room temperature at least three days before use.
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3

TEST SPECIMENS

s.

Pre-weigh the aggregate and record as dry aggregate mass. In a glass bowl,
add sufficient water, of known mass (corrected for water loss during
specimen production), to the pre-weighed aggregate, targeting the
prescribed moisture content for the completed specimen. Immediately cover
the bowl to prevent moisture loss. Gently shake, overturn and orient the
covered bowl and its contents to coat the particles with moisture and let
stand for at least 5 minutes to enable absorption of the moisture by the
aggregate. Weigh the asphalt felt disk to the nearest 0.1 g and record as the
asphalt sample disk mass. Place the asphalt felt disk on a table. Manipulate
the felt disk so that it lies flat against the surface. Replace the disk if the
edges curl, bubble, or the disk contains foreign matter. Position the disk on
the working platform. During specimen manufacture, and after the
application of emulsion, the disk is moved to the scale and back to the
working platform for application of aggregate chips. Where the disks are
not perfectly circular or uniform, a system must be developed to enable
accurate re-positioning of the asphalt disk in its initial position when it is
moved back to the platform for application of aggregate chips. A strike-off
template is placed over the felt disk, centering the hole of the template over
the felt disk. Using the aggregate former, the pre-weighed (and moistened)
aggregate is now formed on the sliding-plate chip dropper apparatus which
is assembled near to the working platform. The finger tips are used for
spreading the aggregate one stone deep, compactly filling the circular area
of the former. Next, the aggregate former is removed and the pin grabber is
attached to the chip dropper to hold the aggregate in place. 83 + 5 g of
asphalt emulsion (application rate of 1.42 kg / m2) at 60º C is poured along
the top arc of the exposed felt disk. With the thickness of the strike-off rod
in contact with the surface of the template, and the width of the strike-off
rod held approximately vertically (the top edge of the strike-off rod leaning
toward the user), excess asphalt emulsion is removed with the strike-off rod
in a gentle side-to-side continuous motion. This shall be completed within
a 3 + 1 s period. The strike-off motion should not be stopped until the excess
materials are off of the felt disk. The template is quickly removed (Note 5).
The asphalt disk is moved to a scale to determine the applied emulsion mass
and then accurately re-positioned on the working platform. A picture of the
strike-off procedure can be seen in Figure 7.
Note 5—Downward pressure, strike-off speed, and template thickness can be
adjusted to ensure correct emulsion mass. Neat removal of the template is often
difficult when low viscosity emulsions are used. In such cases, a bubble forms
between the emulsion and the circular edge of the template. When this bubble
pops, it splatters, irregularly, onto the asphalt disk. This problem is usually not
encountered with the use of thicker bodied emulsions.
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t.

Immediately position the sliding-plate chip dropper on the working
platform, over the asphalt disk, and apply the pre-weighed aggregate sample
onto the asphalt emulsion. Once the aggregate has been placed on the
sample, compact the aggregates using the sweep test compactor three half
cycles in one direction and three half cycles in a perpendicular direction to
set the aggregate. Care should be taken not to apply any additional manual
downward force to the compactor. Immediately weigh the sample and
record as sample weight. Place the specimen in the forced draft oven.
Sample production and weighing shall take no more than four minutes.

4

CONDITIONING

u.

The specimen is immediately placed in a forced draft oven for the specified
time, temperature, and relative humidity (Note 6) based on desired field
performance.
Note 6—Typically, where the performance of the binder-aggregate combination
is being tested at various emulsion cure levels, specimens are cured at any
convenient temperature and for any time period that provides the required
specimen cure level.

4.1.1.

The oven temperature shall be kept to a tolerance of 10 % of the desired values
(Note 7). The tolerance of the relative humidity shall be 25 % of the desired value
unless otherwise specified.

Note 7—The oven door should only be opened once within a 20 minute period
to maintain constant curing conditions.
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Figure B7—Emulsion Strike-Off In Template
4.2

When the specimen has achieved the desired cure level ± 2%, it is removed from
the oven and allowed to cool to a convenient prescribed temperature. The weight
is recorded in order to verify the cure level that is actually achieved. At the end
of conditioning, the specimen is turned vertically and any loose aggregate is
removed by gentle hand brushing of the technician’s fingers back and forth across
the sample. The specimen is then weighed, and the mass recorded to the nearest
0.1 g as the initial specimen mass. The time from end of conditioning to being
placed in the test apparatus should be no greater than two minutes.

Note 8—The hand brushing of the technician’s fingers across the sample has
proven to be the preferred method versus a brush for removing any loose
aggregate that has not fallen off when the specimen is turned vertically.
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Figure B8—Specimen Under Test in Configured Apparatus
5

PROCEDURE

v.

Attach, then leave the specimen in the clamping device for 180 + 30 s.
During the equilibration time, the brush is secured into the brush head and
the brush head with the weight is attached to the mixer. At the end of the
equilibrating time, the brush head is put into contact with the sample making
sure there is free floating vertical movement of the brush head. The mixer
is then turned onto setting #1 (0.83 gyrations per second) for 60 s. After the
brush head has come to a complete stop, the table is lowered and the sample
is removed from the clamping device. The specimen is held vertically and
any loose aggregate is removed by gentle hand brushing of the technician’s
fingers back and forth across the sample (Note 8). The abraded sample is
weighed to the nearest 0.1 g and recorded as final specimen weight. A
picture of the configured apparatus, with test specimen, can be seen in
Figure 8.

6

CALCULATION
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w.

This equation represents the total mass loss based on the initial aggregate
sample weight. The mass loss as a percentage of the area exposed to the
abrading force:
 A− B 
% Mass Loss = 
 x 100 x 1.33
 A−C 

(2)

where:
A = initial specimen mass,
B = final specimen mass, and
C = asphalt sample disk mass.
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APPENDIX
The laboratory specimen simulates a chip seal layer. Aggregate, which is dropped onto the binder,
is intended to be placed one stone thick and held in place by a combination of particle interaction,
brought on by compaction, and binder/aggregate adhesion. The preceding manufacture and
testing procedures account for and test the relative strength of the bond developed between
asphalt binder and aggregate particles within the chip seal itself.
The required aggregate mass and asphalt cement volume depends on the average aggregate
particle dimensions, on an assumed eventual degree of compaction of the aggregate particles and
on the assumption that each particle will eventually lay on its widest face. In the laboratory
specimen, the degree of compaction of the aggregate simulates that which exists in a newly, and
properly, built chip seal. The assumptions made with regard to calculation of the required binder
volume (the residual asphalt content of the emulsion) intend to avoid bleeding by accounting for
the compaction of the aggregate over time.
In determining the required chip seal aggregate coverage, it is necessary to evaluate the proposed
aggregate for its ability to compact. In this regard, our calculated required aggregate mass and
asphalt volume will only be approximations since it is not possible to conclusively determine what
will be the aggregate void volume immediately after construction or that at ultimate aggregate
density. The following useful guidelines for the calculation of required aggregate and emulsion
masses used in the manufacture of laboratory specimens are taken from the McLeod and the
Modified Kearby single-surface-treatment design methods respectively referenced in the FHWA
Asphalt Emulsion Manual, FHWA-IP-79-1, and the USDOT Field Manual on Design and
Construction of Seal Coats, Research Report 214-25, July 1981.

A1.

AGGREGATE MASS

A1.1

Although the laboratory compaction of specimen aggregate according to this standard is
not equal to that possible in the field with rolling equipment, in the manufacture of the
laboratory specimen, care should be taken to ensure that the appropriate mass of
aggregate particles is positioned on the working platform as compactly as possible and such
that the center of gravity of each particle is as low as possible, or such that a particle’s
stability against rotation is maximized.

A2.1

Physical properties of the aggregate are experimentally determined including oven
dry bulk specific gravity (G), loose unit weight (W), void volume (V) and particle
size characteristics.

A2.2

Dry bulk specific gravity (G) is determined according to AASHTO T??? (ASTM C
127) and dry loose unit weight (W) is determined according to AASHTO T???
(ASTM C 29). These allow calculation of the initial void volume (V) between
particles of the loose aggregate from
V = (1 – W/62.4G)

(A1)
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A2.3

F. M. Hanson (Hanson, 1935) observed that the void volume between aggregate
particles is approximately 50 % (the loose condition) when the aggregate is dropped
onto the asphalt binder. He theorized that, due to reorientation, this reduces to
approximately 30 % (60 % of 50 % voids) immediately after rolling and to 20 % (40
% of 50 % voids) after plenty of traffic. This theory of Hanson’s, as it regards surface
treatment densification, is reflected in the following outline of the noted chip seal
design methods.

A2.4

Although one-sized, and cubical, aggregate perform best in chip seals, and may
simplify the design process, graded, and non-cubical, aggregate sources often find
use. In these cases, it is often helpful to make use of the design method proposed by
McLeod (McLeod, 1969) which calculates the required volume of aggregate at an
assumed maximum density. This calculation is possible after approximating the
ultimate average mat thickness (average least particle dimension) and through the
assumption that, at the ultimate average mat thickness, voids have reduced, after
considerable traffic, to 40 % of the initial loose-aggregate void volume. Although the
ultimate density is not achieved immediately after construction, this assumed ultimate
state of the aggregate is also used to determine the asphalt requirement. In calculating
the actual aggregate mass to be dropped from a spreader truck, the user may also use
modifying factors to suit local conditions.

A2.5

The oven dry bulk specific gravity (G), the void volume (V) of the loose aggregate
and the ultimate average mat depth (H), in conjunction with an assumed ultimate void
volume (0.4V) are used to calculate the required coverage mass per unit area at
ultimate density. It is important to note that the procedure anticipates that the
densification is due to particle reorientation and average mat depth reduction to H as
a limit. The coverage mass per unit area, therefore, is assumed to remain practically
constant as densification progresses.

A2.6

Using the assumption that particles will ultimately orient themselves on their widest
sides, with the vertical dimension being the smallest, an approximation of the ultimate
average mat height is made by determining the average least dimension of a
representative sample of particles. The procedure involves determination of the
median particle size and the flakiness index.

A1.1.1

A sample of the aggregate material is first sieved according to ASTM C 136. From the
aggregate gradation curve, the median size is determined as the theoretical sieve size
through which 50 %, by mass, of the aggregate would pass. The flakiness of the material is
then determined by testing representative sample particles, taken from the various
gradation fractions, on the appropriate slot of a slotted sieve (Ref ??). The flakiness index is
the combined mass proportion, of the total mass of tested material, which passes through
the slots.

A1.1.2

The median size and flakiness index results are used, in conjunction with a chart for
determining average least dimension, to arrive at the approximate ultimate mat height of
the chip seal.
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A2.7

Refer to FHWA-IP-79-1 for a more detailed review of this procedure and its relevant
modification factors.

A2.8

In applying the McLeod procedure for use with lab specimens, since it is assumed
that specimen aggregate particles are placed on their widest sides, the average mat
depth of the specimen is assumed to be equal to the average least dimension (H).
However, since compact particle placement and specimen compaction in the lab is
not as effective as that possible in the field, it is usually necessary to modify the
assumed ultimate void volume to a more practical value approaching that associated
with the compact bulk density of the aggregate according to ASTM C 29.

A2.9

Where the maximum beneficial effect of aggregate chip / asphalt binder adhesion is
being tested, the aggregate should be washed and dried prior to use.
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A2.

ASPHALT EMULSION VOLUME

A2.10

Asphalt emulsion is determined by volume, as opposed to by mass, since the required
amount depends primarily on the void volume available, between aggregate particles, to
be filled with asphalt cement.

4.3

A balance must be struck so that the young chip seal is bound sufficiently by
asphalt, such that it will endure its early life, while avoiding the use of too much
binder since this will cause the early onset of flushing, reducing the useful life of
the chip seal to a shorter time period than otherwise possible. In the field, after a
few years when the aggregate particles have been oriented by traffic and the
ultimate aggregate density has been achieved, it is typically desired, for good road
surface performance, that 70 % of the voids are filled with asphalt binder. In this
regard, depending on the road traffic volume and aggregate chip shape, which
imply a certain compacted state of the aggregate in a few years, and also depending
on the nominal size of aggregate chips, the requirements for initial embedment,
immediately following construction of the chip seal, may vary between 20 % and
40 %. In the manufacture of laboratory specimens, observing these field principles
will enable the construction of a representative specimen.

4.4

The thickness of the strike-off template used in the manufacture of laboratory
specimens is specified, based on the average particle height and degree of
compaction of the aggregate, such that it provides the appropriate struck emulsion
volume with the required asphalt residual content.

4.5

The McLeod method employs factors for surface correction (S) and seasonality (K)
in an effort to avoid flushing. Specifically, however, the McLeod method applies a
Traffic factor to ensure that the ultimate void volume is filled a maximum of 60 %
to 85 %, the higher percentage being applicable to lower volume roads.
Additionally, the McLeod procedure assumes that the ultimate void volume is 40
% of the initial void volume of the cover aggregate in the loose weight condition.

4.6

Refer to FHWA-IP-79-1 for a more detailed treatment of this procedure and for
further references.

4.7

In laboratory specimens, calculation of the required asphalt binder quantity should
follow determination of the aggregate quantity and should reflect the void volume
which exists in the specimen aggregate. It may be helpful to assume the applied
specimen aggregate to have a void volume of 80 % of that in the loose weight
condition.
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4.8

The preceding standard is intended to allow performance evaluation of a
combination of asphalt emulsion and aggregate chips as well as relative
performance of several combinations of asphalt emulsions with aggregate chips at
a certain level of cure. In this regard, it is up to the user to determine the required
asphalt quantity based on the use of a constant percent embedment or, alternatively,
a constant asphalt volume with different chip types and sizes.

4.9

This standard is not intended to determine the potential for chip seal flushing due
to densification and reorientation of the cover aggregate. It provides the relative
performance of chip seal treatment materials, specifically those of a single surface
treatment exhibiting compactly-placed and oriented aggregate particles one stone
in depth. Through the use of this standard, and as a result of the ability to precisely
place a pre-determined aggregate mass, it becomes possible to calculate the precise
volume of required asphalt emulsion. Additionally, it is possible to repeatedly
combine chip seal materials in constant proportions.

4.10

It is important to note that, prior to using a template for a recorded test, several trials
should be performed in order to determine the rate and repeatability of asphalt
emulsion application using the template and the adopted striking-off technique.
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Standard Method of Test for

Approximating the Moisture Content of
Chip Seals in the Field
6.

SCOPE

a.

This test method approximates the asphalt emulsion moisture content of a newly
built chip seal as it cures by close monitoring of an equivalently constructed and
cured specimen chip seal.

b.

The values stated in SI units are to be regarded as the standard unless otherwise
indicated.

c.

A precision and bias statement for this standard has not been developed at this time.
Therefore, this standard should not be used for acceptance or rejection of a material
for purchasing purposes.

4.11

This standard does not purport to address all of the safety concerns, if any, associated
with its use. It is the responsibility of the user of this standard to establish appropriate
safety and health practices and determine the applicability of regulatory limitations prior
to use.

7.

REFERENCED DOCUMENTS

4.12

ASTM Standards:
D 7000, Standard Test Method for Sweep Test of Bituminous Emulsion Surface
Treatment Samples

4.13

FHWA Publication - The Asphalt Institute:

5. FHWA-IP-79-1 A Basic Asphalt Emulsion Manual
8.

SUMMARY OF TEST METHOD

a.

By quantifying the mass loss of a specimen chip seal, which is significantly
equivalent to a field chip seal, and where the emulsion spray rate, the emulsion
residual content and initial aggregate moisture content can be approximated, it
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becomes possible to estimate the specimen’s cure level at different monitoring
points throughout a workday.
b.

In this test, a chip seal specimen is manufactured by site equipment on a board
placed on the roadway while the field chip seal is being built. The water-mass loss
of materials on the board is then monitored throughout the day to gauge the
specimen’s cure level. These results are projected in evaluating the moisture
content of the field chip seal’s asphalt emulsion.

9.

SIGNIFICANCE AND USE

a.

The rate at which bond is developed between asphalt and aggregate in a chip seal
depends on the chip seal’s curing characteristics. When asphalt breaks with water
in an asphalt emulsion, and films of water evaporate, bond can be more readily
developed and a chip seal is said to be curing.

b.

This test method aims at estimating the mass of water that has evaporated from a
field chip seal by monitoring a specimen chip seal that is significantly equivalent
in material composition to the field chip seal. Where periodic monitoring is
performed, the test indicates the approximate rates of curing which may be present
in a field chip seal cured under particular environmental conditions. This
information is usually intended to track curing throughout a workday and up to the
point where the chip seal materials are bound. Additionally, when performance
results from Sweep Tests (ASTM D-7000) at known moisture contents are
available, moisture content tracking can assist in decision making regarding the
capacity of the chip seal to safely accept traffic at certain moisture contents.

10.

APPARATUS

a.

Balance and (optional) Pedestal – The balance must be capable of weighing 10
kilograms or more to within + 1 g. A tared pedestal, some 10 inches in height and
placed on the scale, is usually required to raise the specimen high enough above the
scale in order to avoid the specimen area obstructing view of the scale reading.
Note 1—The mass of a configured specimen board is on the order of 1500 grams.
In addition to the board mass, the masses of the pedestal and the expected chip seal
materials must be considered when determining the adequacy of a scale to bear the
full specimen mass (with pedestal).

b.

Weighing Platform and (optional) Wind Shield – The platform is any convenient
flat surface, shimmed as necessary for levelness, on which the balance is placed for
weighing specimens. This is usually sited on top of another stationary structure in
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the field or in the tray of a parked vehicle. Additionally, where windy conditions
are expected, the ability to obtain reliable mass readings may depend on the use of
a lightweight enclosure to shield the specimen and prevent wind-induced flutter.
c.

Pocket Level – This is a portable bubble level which is placed on the weighing
platform to check for approximate levelness.

d.

Infrared Thermometer – This is used to check temperatures of the field chip seal
and the specimen chip seal.

e.

Drying Pan – This metal pan is used to dry sampled aggregate where the moisture
content appears to be high or in question.

7

MATERIAL PREPARATION

f.

Specimen Board – Each chip seal specimen is manufactured on an 18 inch square
and 3/16 inch thick plywood board (Figure 1) with an unconditioned surface. A
continuous, light gage, z-shaped metal strip is fixed to the perimeter of the board.
The vertical legs of the z-shaped metal strip are oriented such that the board is
suspended a quarter of an inch above the pavement by one (the inner) leg of the zshaped metal edging (for easy removal from the roadway) while the other leg forms
a vertical lip protruding above the surface of the board (to prevent the loss of any
specimen material as the board is moved).
18 inch square
plywood board

z- shaped metal edging
on board- perimeter

Figure C1—Configured Specimen Board
g.

Aggregate & Asphalt Emulsion – The chip seal specimens are laid down by the
distributor and chipper in the course of placing the actual field chip seal. In this
regard, the properties of the specimen aggregate and asphalt emulsion are those of
the field chip seal.

h.

Aggregate – Sample the aggregate from the stockpile, which is to be used in the
manufacture of the chip seal, and store in an airtight container. Where moisture
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content tracking is to be performed without the need for immediate results on site,
laboratory determination of aggregate moisture content (“W”) may be performed.
Alternatively, estimate moisture content (“W”) according to Note 2 where
immediate moisture content results are required and where available time,
sufficient resources and the need for higher on-site accuracy warrants extra care.
Note 2—An acceptable on-site approximation of the aggregate moisture content
may be obtained by drying a representative sample of chip seal aggregate over a
few hours of the workday. Place approximately 3 kg of aggregate (in its sample
state) on the tared drying pan and record the wet aggregate mass. Place the drying
pan and its contents in a warm (and, preferably, windy) location. When the
aggregate becomes dry to the touch, record the mass loss of the aggregate. The
aggregate moisture content “W” is the mass loss expressed as a percentage of the
dried aggregate mass.
i.

Asphalt Emulsion – Usually, a good approximation of the project asphalt
emulsion’s residual content (“R”) may be obtained from key site personnel. Where
dependable figures are not available, the cure level of the chip seal must be based
on conservative and conventional figures (approximately 70% residual content)
until a simple lab experiment can be performed such as that outlined in note 3.
Note 3—To evaluate the residual content of the asphalt emulsion which was used
on site, dry approximately 50 grams of the material, weighed to the nearest 0.1 g,
in a 100º C oven, in the laboratory, to obtain the residual asphalt. The asphalt
emulsion should be placed in a thin layer in an approximately 11 inch diameter
aluminum foil pan. Monitor the mass of the material until it no longer continues to
lose mass over two consecutive readings taken 8 hours apart. Record the mass loss
and the final residual asphalt mass to the nearest 0.1 g. Estimate the moisture
content of the asphalt emulsion to be the mass loss expressed as a percentage of the
initial asphalt emulsion mass. The asphalt emulsion’s residual content, “R”, is the
final residual asphalt mass expressed as a percentage of the initial asphalt emulsion
mass.

8

SPECIMEN MANUFACTURE & WEIGHING

j.

Setup the weighing platform (with optional wind shield) in an off-road location
within short walking distance of the location where the specimen is intended to be
manufactured. Level the platform and position the scale on the platform (with
optional pedestal).

k.

Record the tare mass “B” of an unused specimen board.
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l.

Place the weighed specimen board at a chosen location on the roadway (Note 4)
which is to be chip sealed. Ensure that the board is not positioned in the wheel paths
of the distributor, chipper or other trucks.
Note 4—Locations at which specimen chip seals are to be made should be chosen
based on the availability of similar off-road locations, in terms of temperature and
exposure, where the specimen may be cured. Additionally, at selected manufacture
locations, manufacture should be fast and allow for removal, and weighing, of the
specimens within five minutes of the asphalt emulsion being sprayed onto the
board. When monitoring the field chip seal, observations should be made at a
location immediately adjacent to that where the specimen is manufactured.

m.

Immediately after chips have been dropped onto the specimen board, move the
specimen from the roadway and obtain its initial total mass reading “S”.

n.

Obtain the asphalt emulsion spray rate “E” from appropriate site personnel.

o.

Throughout the work day, maintain a log of the temperatures and other
environmental conditions affecting the cure rates of the specimen and the field chip
seals. Relocate the specimen as necessary to ensure similar curing conditions
relative to those of the field chip seal.

p.

Record the total mass “C” of the specimen as it cures throughout the day to various
cure levels.
Note 5—Record the specimen mass as often as practical but at least once per hour
until a desired cure level has been achieved.

q.

Where curing conditions throughout the work day are similar for the specimen and
the field chip seal, it may be assumed that the chip seal moisture content, at a certain
time after construction, is approximated by that of the specimen.

9

CALCULATIONS

r.

The mass (g) of asphalt emulsion in the specimen is obtained from the following:

O = 3785(UEAG )

(1)
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The mass (g) of dry specimen aggregate is obtained from the following:

s.

D=

S − B −O
(1 + W )

(2)

The initial mass (g) of all specimen moisture is obtained from the following:

t.

I = S − B − D − (OR )

(3)

The mass (g) of all specimen moisture at cure level “L” is obtained from:

u.

F = C − B − D − (OR )

The % moisture content of asphalt emulsion at cure level “L” is obtained from:

v.

M =

w.

(4)

(100 F )
({OR}+ F )

(5)

The cure level of the specimen asphalt emulsion is obtained from:

  F 
L = 1 − 
 
(
)
O
1
−
R

 

(6)

where:
O = mass of asphalt emulsion on the specimen board (g),
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U = unit weight of water (g/ml),
E = reported emulsion spray rate (gal/sy),
A = specimen board area (sy),
G = specific gravity of the asphalt emulsion,
D = mass of dry specimen aggregate (g),
S = initial specimen mass (incl. board) (g),
B = mass of the specimen board (g),
W = initial percentage moisture content of specimen aggregate (as % of dry aggregate mass),
I = initial mass of all specimen moisture (emulsion and aggregate moisture) (g),
F = moisture mass in specimen at cure level “L” (g),
C = specimen mass (incl. board) at cure level “L” (g),
L = the cure level at which specimen moisture content is being evaluated,
M = percentage specimen moisture content at cure level “L” (as % mass of current asphalt emulsion),
and
R = percentage residual asphalt content of emulsion (as % mass of initial asphalt emulsion).
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APPENDIX D – Emulsion Field Viscosity

Scope:

This test determines emulsion viscosity using a plastic cup. The cup
viscosity may then be correlated to laboratory Saybolt viscosity values to
determine if the emulsion meets specifications.

Apparatus:

Field Emulsion Viscosity Test Kit
a.
Plywood box with hinged door for windbreak and storage
b.
Plastic paint viscosity cups - Wagner Part# 0153165
(1-800-328-8251 option 6)
c.
16 or 20 oz plastic party cups
d.
Stopwatch/timer
e.
Stem Thermometer
f.
Gloves
g.
Waste newspaper

Procedure:
1.

Position the field test kit on a level surface in a manner such that the
sample will be protected from wind during testing. Premature cooling
can affect test results.

2.

Hang a clean, unused viscosity cup on the horizontal support and place
newspaper in the bottom of the box to protect it from spills. Adjust
the lid so that the opening in the bottom of the paint cup is visible.

3.

Collect an emulsion sample from the tanker in a plastic party cup. The
cup should be approximately 2/3 full. The emulsion will be hot;
therefore wear appropriate gloves.

4.

Using the thermometer, determine the emulsion temperature.

5.

Lift the party cup with emulsion so that the viscosity cup is fully
immersed in the emulsion.

6.

Simultaneously start the stopwatch/timer and lower the party cup.

7.

When there is a break in the flow of emulsion from the paint cup, and
the opening in the neck of the paint cup is first visible, stop the timer.

8.

Record the emulsion temperature and the time recorded on the
stopwatch/timer.
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9.

Dispose of the paint cup and party cup. Reuse may result in inaccurate
test results.

10.

Record any followup comments about the application of the emulsion
such as Athick@, Athin@, Aplugging spray bar@, Ano problems@,
etc.
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