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Chip Seal

PREVENTATIVE MAINTENANCE TOOLS
 Crack Seals
 Thin overlays
 Hot Chip Seals
 Pre-coated Chip Seals
 Micro Surfacing
 Cold In-place Recycling
 Ultrathin Friction Course
 Fog Seals
 Cape Seals
 Scrub Seals

HISTORY OF CHIP SEALS

Chip Seals were first used to provide an all-weather surface to graveled
surfaces in the late 18h Century in England.

BENEFITS OF CHIP SEAL
• The primary reason to Chip Seal are a cost-effective means to
protect and extend the life of asphalt pavement. When an
asphalt pavement is exposed to sun, wind, rain and snow the
pavement begins to harden and oxidize. This causes the asphalt
mat to become brittle and less flexible. As the pavement
becomes less flexible it will begin to crack when exposed to traffic
loading and temperature changes. Chip Seals provide a
waterproof surface to prevent water from penetrating the asphalt
mat and the underlying base course material.
• A secondary benefit of Chip Seal is improving skid resistance to an
asphalt pavement that shows signs of bleeding or where the
asphalt mat is showing signs of aggregate polishing. Chip seals
can rejuvenate an older asphalt pavement that has become
weathered and is showing signs of oxidation and raveling. Some
municipalities have asked if there is anything that can be done to
an old deteriorating pavement surface that can extend the life for
a couple of years until the pavement is scheduled for
reconstruction. We have placed multiple Chip Seal layers on old
weathered asphalt pavement and have had reasonably good
results if there are no signs of failure of the sub-grade and any
necessary repairs are made to the asphalt surfaces.

COST, LIFE EXPECTANCE,
CONVENIENT
 Chip seals are approximately 20 to 25% the cost of a thin overlay.
 Chip seals typically have a life of 5 to 7 years, before they need
to be re-applied.
 Chip seals are quick to apply and reduce the time that the
public is inconvenienced, the chips can be placed one day
followed by the fog seal the following day.

COVER COAT MATERIAL

COVER COAT MATERIAL

 Chip seals can be a single
application of cover coat
material or multiple
applications.
 Municipalities use a CDOT
Type I or Type II cover coat.
 CDOT in the past has used the
Type I with some Type II.
 Recently CDOT has been
doing double chip seals with a
Type II followed with a Type I.

COVER COAT MATERIAL
 Some Counties are
using a ¾” or a 5/8”
chip.
 This larger aggregate
will add additional life to
their roads and hold up
better to the snow
plows.
 In Counties where
bicyclists are more of a
concern the Type I cover
coat is typically used.

COVER COAT MATERIAL
 Some Counties may use the Type II followed
by the Type I with a fog seal or a slurry seal.

COVER COAT MATERIAL
We have used a 1 ½” cover coat material followed by a 5/8”
cover coat on some of the oil and gas haul roads in Western
Colorado with very good results.

CHIP SEAL ON BASE COURSE
 Some Municipalities and Counties will apply a chip
seal to base course material. This is an economical
means to provide a hard-surfaced roadway, reducing
maintenance costs, eliminating dust, reduces the loss
of the base course material and prevents water from
penetrating into the base course. The first application
is a ¾” cover coat followed by any combination of
other cover coat sizes from another layer of ¾” to ¼”.
We have done multiple layers of chip seal to gravel
roads that have held up well for the past 45 years with
regular maintenance. In order for these chip seals on
gravel to provide excellent results you need an
adequate base, roadway with an adequate crown
and excellent drainage. If you don’t have excellent
drainage the water will pond, allowing he water to
migrate under the roadway surface creating subgrade
saturation and ultimately failure of the roadway
surface.

CHIP SEAL ON BASE COURSE

CRITERIA FOR A SUCCESSFUL CHIP
SEAL
 Road surface needs to be structurally sound.

 An asphalt surface with extensive alligator cracking is not a viable candidate for
a typical chip seal.
 Alligator cracking indicates a subgrade issue and a complete reconstruction is
probably the only remedy.

CRITERIA FOR A
SUCCESSFUL CHIP SEAL
 There have been some chip seals applied to
alligatored surfaces where a geotextile fabric saturated
with liquid asphalt (PG grade, 0.25-0.40/SY) was placed
over a roadway with extensive alligator cracking. A
double chip seal was then placed on the fabric. The
results seem very positive.
 We have placed a ¾” chip seal followed by a 1/2” or
3/8” chip seal on rural low volume traffic roads and
have had good results on roadways with moderate
alligator cracking.

CRITERIA FOR A
SUCCESSFUL CHIP SEAL
 Edge cracks need to be
filled with a crack sealer
material.
 If the edge of the
asphalt has settled it will
need to be repaired with
hot mix asphalt.
 Shoulder drainage may
also be an issue and he
shoulder may need to be
re-graded.

CRITERIA FOR A
SUCCESSFUL CHIP SEAL
 Slippage cracks, crescent-shaped cracks resulting
from horizontal forces induced by traffic are caused by
a weak bond between the surface layer and layer
below. Slippage cracks need to be removed and
repaired with a hot-mix asphalt patch.
 Joint cracks, reflection cracks and shrinkage cracks all
need to be filled with a crack sealer prior to the
application of the chip seal.

CRITERIA FOR A
SUCCESSFUL CHIP SEAL
 Pot holes need to be repaired with hotmix.

CRITERIA FOR A
SUCCESSFUL CHIP SEAL


Excessive rutting is not a good candidate for a chip seal application. The asphalt emulsion will tend to
migrate to the bottom of the rutted area, causing an area of excessive asphalt that may cause
bleeding in the wheel paths. Serve rutting is an indication of structural failure in the sub-grade and
needs to be addressed prior to the chip seal placement.

CRITERIA FOR A SUCCESSFUL
CHIP SEAL


If the roadway is beginning to show areas of raveling, you
will want increase the application rate of the asphalt
emulsion.

CRITERIA FOR A SUCCESSFUL
CHIP SEAL
 If the roadway is showing areas of bleeding, excessive asphalt

emulsion, you will want to reduce your application rate of asphalt
emulsion.

CRITERIA FOR A SUCCESSFUL
CHIP SEAL
 The roadway needs to be clean and any vegetation needs to be removed
from the surface.

WEATHER
 Weather plays a very important role in the success of a chip seal.
In Colorado, late spring to no later than Mid-September are the
ultimate dates for chip seal construction. Chip seals need to be
constructed when weather conditions are likely to be hot and dry
and the weather needs to remain hot and dry for some weeks after
the chip seal is applied.

WEATHER

WEATHER
 CDOT’s construction requirements are: Bituminous material
shall not be applied on a damp surface, when either the
ambient temperature or pavement surface temperature is
below 70 degrees Fahrenheit or when weather conditions
would prevent the proper construction of the seal coat.
Rain, strong wind, high humidity and forecasted cold
weather are some of the factors that can prevent the proper
construction of the chip seal. Many people don’t realize that
just because the chip seal was placed when the weather
conditions were favorable it takes time, warm weather,
traffic and dry conditions for the chip seal to properly cure
and for the cover coat to become seated properly. You
would not want to place the chip seal in early November
with the ambient and surface temperature at 70 degrees
and rising only to have the snow plows plow the cover coat
off the roadway surface the following day.

EQUIPMENT

ORIGINAL ASPHALT DISTRIBUTORS

The first “Asphalt Distributors” were horse drawn wagons with a wooden barrel
filled with crude asphalt. The cover coat material was placed by hand and
the traffic was used for compaction.

SOME THINGS HAVE
IMPROVED….SINCE THE 1930S

ASPHALT DISTRIBUTORS
Today we have computer controlled asphalt
distributors that have the capability to spray
the asphalt emulsion to within a 0.01 of a
gallon per square yard and spray bars
greater than 24 feet in width. Spray bars
that can spray from one foot increments up
to the entire width of the spray bar.

ASPHALT DISTRIBUTOR
 The asphalt distributor is
the most important
piece of equipment in
the chip seal operation.
 The proper application
rate of the asphalt
emulsion is critical.
 The distributors need to
be calibrated on a
regular basis to ensure
that the actual
application rate for the
asphalt emulsion is being
placed on the roadway
surface.

ASPHALT DISTRIBUTOR
 The application rate
needs to be checked by
the distributor operator
throughout the day.
With the advent of the
computerized rate
control distributors
setting the proper
application rate is as
easy as placing the
desired application rate
on the control screen
and pressing the set
button.

ASPHALT DISTRIBUTOR
 The asphalt pump will
compensate for slight variations
in the asphalt distributor speed
and for changes in the engine
RPM’s.
 Twenty years ago, the
distributor operator had to set
the by-pass pressure, maintain
an exact speed and maintain
engine RPM’s while making sure
that he was keeping an eye on
the road he was spraying.

ASPHALT DISTRIBUTOR
 The most critical part of
the asphalt distributor is
the spray bar.
 The correct size nozzles
for the specific asphalt
emulsion and the
specified application
rate must be used.

SPRAY BAR NOZZLE ALIGNMENT
 The nozzles need to be adjusted to the proper angle so that the spray
patterns do not interfere with each other.
 Distributor manufacturers supply a wrench that allows for the proper angle
of the nozzles in relation to the spray bar.

ASPHALT DISTRIBUTOR
 The spray bar height,
height above the
pavement surface,
needs to be adjusted to
insure uniformity of the
asphalt emulsion spray
pattern.
 With 4-inch nozzle
spacing on the spray bar
the best results are
obtained with a triple
coverage of the asphalt
fans.

 The distributor’s load
decreased as it is
spraying the bar height
will increase and will
need to be adjusted
downward to keep the
triple spray fan
coverage.

ASPHALT DISTRIBUTOR
 If the spray bar is not set
at the proper height
streaking will occur.
 If you are spraying on a
windy day and the bar
height is too high the
wind will cause a
distortion of the spray
fans, the bar may need
to be lowered or in
extreme situations a
shield may need to be
paced around the spray
bar to prevent the wind
from distorting the spray
fan pattern.

ASPHALT DISTRIBUTORS
 Keep the distributer
screens clean.

CHIP SPREADERS

CHIP SPREADERS
 Today we have computer controlled chip
spreaders that can apply the cover coat
material + or – one pound per square yard.

CHIP SPREADER
 The self- propelled Chip Spreader is used to apply
uniform cover coat material at a specific application
rate and continuous application of the cover coat over
the freshly sprayed asphalt emulsion. The self-propelled
chip spreader allows for very high production rates.
 The chip spreader attaches to the tandem truck by
means of a hook attached to a bar at the rear of the
tandem truck. The tandem truck is then pulled
backwards by the chip spreader. The tandem then
raises its bed and gradually dumps the cover coat
material into the rear hopper of the chip spreader.

CHIP SPREADER
 The cover coat material is
then conveyed to the
spread hopper by means
of adjustable speed
conveyors. The level of
cover coat material in the
spread hopper is controlled
by sensors which have the
potential of eliminating the
front-end man, however
we still use the second
person, to give guidance
to the tandem driver and
to watch for obstacles the
chip spreader may
encounter, powerlines,
mailboxes, etc.

CHIP SPREADER
 With the operator
controlled individual
gates on the spreader
you can apply the cover
coat material as little as
one foot in width up to
the entire width of the
spreader.
 With the modern
hydraulic extendable
chip spreaders, you can
apply 24 feet or more
width in a single pass.

CHIP SPREADER
 With the computerized
chip spreaders, the
cover coat material
application rate is
programmed into the
computer, the speed of
the chip spreader is also
programmed.
 Cover coat application
rates are very accurate
plus or minus one pound
per square yard.
 The application rates
need to be checked
and verified a minimum
of twice each day.

BROOMS
 The asphalt surface on
which the chip seal is to
be placed needs to be
clean.
 Rotary power brooms or
street sweepers are
used. If the asphalt
surface is extremely
dusty you may need to
flush the surface with
water.
 In extremely dirty
situations a motor grader
may be needed to
remove caked on dirt
prior to brooming.

BROOMS
 You also want to remove any
weeds or vegetation that are on
the asphalt surface and apply
weed killer if necessary, prior the
chip seal placement.
 Brooms and street sweepers are
used to remove the excess
cover coat material after the
chips have been rolled and the
emulsion has broke.
 You want to use just enough
down pressure to remove the
excess cover coat material and
not dislodge the chips
embedded in the asphalt
emulsion.

ROLLERS

ROLLERS
 Self-propelled
pneumatic rollers are
typically used on chip
seals.
 We have nine wheel
pneumatic rollers that
provide uniform
compaction for the full
width of the roadway
surface.
 The function of the
rollers is to seat the cover
coat material into the
asphalt emulsion.

ROLLERS
 The tires force the
aggregate into the asphalt
emulsion binder and orient
the cover coat aggregate
with the flat side down.
 The tires do not fracture
the cover aggregate.
 The pneumatic tires tend
follow any minor surface
irregularities without
bridging.
 We will make a minimum
of three complete
coverages with the
pneumatic rollers and we
use a minimum of two
pneumatic rollers.

ROLLERS
 Pneumatic rolling begins
immediately after
placement of the cover
coat material.
 Rolling begins at the outer
edge of the surface
treatment and moves
toward the center of the
roadway.
 Each pass of the roller
should overlap the previous
pass by half the width of the
roller.
 As soon as the asphalt
emulsion has a definite set,
rolling can stop.

ROLLERS
 Using larger cover coat
material, 5/8” or ¾” or
larger, we will sometimes
use a steel wheel roller in
conjunction with a
pneumatic tired roller.
 The steel wheel roller
tends to orient the larger
cover coat material
better than just a
pneumatic tired roller.
 We will make a
maximum of three
complete coverages
with the steel wheel
roller.

ROLLERS

 Another compaction tool is to have the tandem dump
trucks stagger their wheel paths as they back into the
chip spreader and after they pull away from the chip
spreader.
 When using a pilot car to guide traffic, have the pilot
car driver alter his path through the work zone
staggering his wheel path across the width of the chip
sealed surface.

 The speed of the pilot car will not exceed 20 MPH.

APPLYING THE COVER
COAT MATERIAL
 The aggregate for the chip seal application must be
available prior to the distributor applying the asphalt
emulsion.
 The cover coat material needs to be slightly damp not
saturated. This helps to reduce any dust coating of the
aggregate and reduce surface tension, enabling a
better bond between the aggregate and the asphalt
emulsion.
 The cover coat material needs to be placed relatively
soon after the emulsion placement.
 We try to stay within 50 feet of the asphalt distributor,
covering the asphalt emulsion within 30 seconds.

APPLYING THE COVER
COAT MATERIAL
 There will always be some
loose aggregate on the
road surface after rolling. If
there is an excessive
amount of loose aggregate
it can be picked up by the
tires of the vehicles
damaging windshields,
head lights and paint
finishes.
 Typically, the excess cover
coat material is broomed
off or picked-up from the
roadway surface early the
following morning after the
emulsion has set and a
good bond has developed.

SINGLE CHIP SEALS
 Determining the application rates
for the asphalt emulsion and the
cover coat material.

 There are charts and tables that
provide application ranges for the
specific cover coat gradation.
 For example: for ¼” the application
rate for the asphalt emulsion is 0.150.20 gallons per square yard.
 For 3/8”, 0.20-0.35 gallons per
square yard and for ½”, 0.30-0.45
gallons per square yard.
 These ranges are a good starting
point, but not all cover coat material
have the same exact gradation so
the specific application rate will
need to be determined in the field.

SINGLE CHIP SEALS
 Once the cover coat material is placed by the chip
spreader the aggregate is in an unarranged position.
 Once the cover coat material is rolled and after traffic
works the aggregate, the cover coat aggregate will be
oriented to its most dense position with about 20
percent voids.
 A typical application rate will be where 70 percent of
the voids between the aggregate are filled.
 There are lab procedures where the application rates
for the cover coat material can be determined. These
determinations are based upon the average least
dimension, specific gravity of the aggregate and the
voids in the cover coat.

SINGLE CHIP SEALS
 There are also charts and tables that
provide application rates for the cover
coat material.
 For example: ¼”, 15-20 pounds per square
yard, 3/8” 20-25 pounds per square yard
and for ½”, 25-30 pounds per square yard.
 In the field is where the exact application
cover coat rate will be determined.
 You want to place enough material where
the chip spreader tires and roller tires are
not in contact with the asphalt emulsion
but you don’t want to place an excessive
amount of cover coat material where you
have more than one particle deep which
will create a situation where the upper
particles will tend to dislodge the particles
imbedded in the asphalt emulsion.

TOO MUCH AGGREGATE (NO
EMULSION IS VISIBLE)

NOT ENOUGH CHIP…TOO
MANY VOID SPACES

SINGLE CHIP SEALS
 The application of the asphalt emulsion and the cover
coat material is not an exact science it is more of a
visual and experience technique.
 The charts and tables are a good place to start but
you need to look at the asphalt surface condition, if the
surface is beginning to oxidize and ravel you will want
to increase the application rate, if the asphalt surface is
new or flushing you will want to decrease the asphalt
emulsion rate.
 If there is a high daily traffic count you will want to
decrease the asphalt emulsion rate and if the ambient
temperature is excessive you will also want to decrease
the asphalt emulsion rate.

SINGLE CHIP SEALS
 The amount of asphalt
emulsion increase or decrease
is dependent upon the size of
cover coat you are applying,
traffic count, ambient
temperature and the
pavement surface.
 The bleeding creates the
biggest problem.
 Too much emulsion causes a
bleeding situation that can
lead to the chip seal layers and
the asphalt layers below to
pick-up causing monumental
problems.

TRAFFIC CONTROL

TRAFFIC CONTROL
 Traffic control is a very critical function in achieving a good
chip seal.
 High-speed traffic on a fresh chip seal can dislodge the
cover coat material, cause windshield damage, create a
very unsafe environment for the motorist, the construction
workers and destroy the chip seal.
 Traffic needs to be controlled and directed by a pilot car.
 The maximum speed of the pilot car needs to be no more
than 20 MPH. There needs to be adequate signage to notify
the motorist that the is a reduced speed limit, loose gravel
and flagmen ahead.
 The delivery tandems are directed to the chip spreader by
flag men, usually in a direction opposite to the chip seal
operation, allowing the tandems to deliver the cover coat
material to the chip spreader without having to turn their
trucks around loaded on the freshly placed chip seal. There
are designated areas for the tandems to turn around off the
fresh chip seal.

FOG SEAL

FOG SEAL
 A fog seal is a light application of an asphalt emulsion
diluted 50:50, 60:40 or any other proportion with water.
 The emulsions typically used in Colorado are: SS-1,
CRS-2P, CRS-2R and HFMS-2P.
 The application rates vary from 0.10-0.15 gallons per
square yard.
 The advantages of a fog seal are providing contrast
for permanent striping, give the appearance of a
complete product and to a lesser extent help with chip
retention, but I’ve always said that it is hard to stick
anything from the top down.

FOG SEAL

 The black fog sealed
surface will also help with
snow melt for the first
winter.
 A fog seal typically lasts
one season.

FOG SEAL
 The cure time for a fog
seal is typically from one
hour to three hours
depending upon the
asphalt surface
temperature, ambient
temperature and relative
humidity.
 Traffic control needs to
be provided until the fog
seal breaks and cures.

PROBLEMS ENCOUNTERED
WITH CHIP SEALS
 The most common
problems encountered
with chip seals are, loss of
cover coat material and
streaking.

PROBLEMS ENCOUNTERED
WITH CHIP SEALS
 The loss of cover coat material can be caused by:
 Aggregate
applied after the
emulsion has
broke.

PROBLEMS ENCOUNTERED
WITH CHIP SEALS
 The loss of cover coat material can be caused by:
 Aggregate dirty or too
wet when applied.
 Aggregate not rolled
soon enough after
application.
 If using a steel wheel
roller, low spots were
bridged over.

PROBLEMS ENCOUNTERED
WITH CHIP SEALS
 The loss of cover coat material can be caused by:

 Traffic allowed on new
chip seal too soon
without speed control

PROBLEMS ENCOUNTERED
WITH CHIP SEALS
 The loss of cover coat material can be caused by:
 Incorrect asphalt emulsion
used or emulsion
application rate not
correct.
 Over rolling if using a steel
wheel roller breaking down
the cover coat material.
 Rain on the chip seal
before the emulsion has
had a chance to set.
 Ambient temperature too
low, causing the emulsion to
chill before the cover coat
has a chance to set.

CORRECT FOR LOSS OF
COVER COAT
 To correct for loss of cover coat material the solution is
to reapply the asphalt emulsion and the over coat
material using the correct techniques and materials.
 You will want to decrease the emulsion application
rate.
 If the stripping is too severe the only option may be to
mill the chip seal and re-do.

LONGITUDINAL
STREAKING
 Longitudinal streaking is
where you have light and
heavy lines of asphalt
emulsion parallel to the
centerline of the
roadway.
 The spray pattern did not
provide a uniform
application rate.

LONGITUDINAL
STREAKING
 Longitudinal streaking can be caused by:
 Nozzles on spray bar not
set to proper angle or
incorrect nozzle size
 Nozzles on spray bar are
not all the same size
 Asphalt emulsion too
cold
 Improper height of spray
bar.

POSSIBLE CURE FOR
STREAKING
 A possible cure for streaking is to re-apply the chip
seal.
 If possible using the next size larger cover coat
material.
 For example, if the original cover coat size was a
Type I go to a Type II.
 If the streaking is too severe the only remedy may
be to mill off the chip seal and re-do.

AUSTRALIAN CHIP SEAL

QUESTIONS

GMCO LLC
OF
COLORADO
Thank you for Attending!!

