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Workshop Schedule

Session and Title Time
1. The Case for Preventive Maintenance 8:00 - 8:45
2. Engineering a Preventive Maintenance Program 8:45 - 9:30
3. Materials for Preventive Maintenance 9:30 - 10:15
Break 10615 - 10:30
4. Fog Seals and Rejuvenators 10:30 - 10:45
5. Chip Seals 10:45 - 12:00
Lunch 12:00 - 1:00
6. Cold Thin Seals - Slurry Seals 1:00 - 1:45
7. Cold Thin Seals‘- Micro-Surfacing 1:45-2:15
Break 2:15-2:30
8. Thin Hot-MixeAsphalt Overlays 2:30 - 3:30
0. Craek Treatments forFlexible Pavements 3:30 - 4:00
10. PreventivedMaintenance of Concrete Pavements 4:00 - 4:45
Closure and Evaluation 4:45 - 5:00
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PREFACE

This Instructor Guide was developed to facilitate a slide presentation on the state
of the practice for pavement preventive maintenance treatments. The Guide is based on -
information collected during the preventive maintenance research of the Strategic
Highway Research Program. The target audience for this presentation includes'§tate
highway maintenance engineers, pavement management engineers, and district or aréa ns:
supervisors with responsibility for selecting and constructing pavement preventive
maintenance treatments.

a

The Guide is organized into nine sections to track the Participant Handbook that
accompanies this workshop. The first session is an introduction to themeeds and benefits
of preventive maintenance. The second section presents the needdor engineering the
selection and design of pavement preventive maintenance treatments. Quie keygpoint of
this session is that pavement preventive maintenance treatments are aif important tool for
providing pavements in a cost-effective manner; the selection, design, and comsiruction of =
these treatments must therefore be done with care in order ta @btain the maximum
benefit. The third section is a review of th@materials used fof preventive maintenance on
flexible pavements. This section establishes a comrmeon ¥ecabulary in the materials used o
for the balance of the workshop. The remainder bf the sectionSiprovide specific
information about each of the treatment types.

B

This guide is set up inf@traditiOnal seript format,with visual aids presented on
one side and corresponding comumients listed it the accompanying column. The text is
designed to assist the instructor with Key points that'should be presented for each visual -
aide. Materials needed for thisaworkshop include:
e Slide projector

e Screen

e Carousel

e Extension cord

& “Sigfisin sheet

e Evaluation forims

The mstructor must handle any preliminary “housekeeping” chores, such as
handing out the schedule and instructor’s biodata, and distributing the necessary
handouts, including the sign-in sheet, evaluation forms, and Participant Handbook. The
instructors, should briefly introduce themselves and ask the participants to introduce .
themselves. Each participant should state their name, employer, and job responsibilities. ‘
The instructors should try to incorporate participants experience into the workshop at
appropriate times. e
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PAVEMENT
MAINTENANCE EFFECTIVENESS,
PREVENTIVE MAINTENANCE
TREATMENTS

Federal Highway Administration
Arizona State University

OVERVIEW OF WORKSHOP

» Pavement Preventive
Maintenance

» Treatments

THE CASE FOR
PREVENTIVE
MAINTENANCE

Welcome to the FHWA Workshop on Pavement
Maintenance Effectiveness - Maintenance Treatments.
I'm , the Principal Instructor, and I'll be
accompanied by my Co-Instructor,
This workshop was developed by Arizona State
University under contract to the Federal Highway
Administration.

This is a presentation about the effectiveness and use
of pavement preventive maintenaneé. yThe workshop
is designed to acquaint highway engineets with the
state of the art in preventive maintenaneé téehnologies.
It is hoped that this workshop will gérierate an
increased awareness of the need for, and the benefits
of, effective pavement preventive maintenance.

This workshop gfnsists oftwo types of sessions:

1. A review of the need for psevefitive maintenance
and the engineering and materials that are required for
a successfubprograil.

2. Uypes of preventive maintenance treatments.
The objective of the workshop is to:

1. 'Recognizethe potential for cost-effective
pavenient preventive maintenance programs to
improve the quality of service to the traveling public.

2. Review the different types of preventive
thaintenance treatments that can be applied to
pavements.

The first session of the workshop reviews the need for
preventive maintenance. An effective preventive
maintenance program requires a change in existing
attitudes toward pavement design and maintenance.
Pavement preventive maintenance is applied to
pavements in good structural condition to extend the
life of the pavement in a cost-effective manner.




The objectives of this session are to:

SESSION OBJECTIVES

1. Present an overview of a pavement preventive
maintenance program.

2. Define a preventive maintenance program and the

. types of treatments available.
» Overview P

3. Review some findings of the Strategic Highway

» Define a Preventive Research Program. .

Maintenance Program
» Lessons from SHRP

| NEED FOR PREVENTIVE Pavemenf preventi¥e maintenance promotes the
i MAIN TENANCE efficient use of highwayfufds and improves pavement

condition.

Current Status of Highways

— Funding
— Condition

DISTERIBUTION OF Federal fgnding has t.I’E.).(.i'lt'lOI’lauy focused. on =,
FEDERAINOBILIGATION constructing new facilities, while upgrading and

preserving existing highways. Since much of the

required infrastructure is already in place, the ~
New emphasis must shift to getting the greatest value from
Route existing highways. The percentage of funding applied
Widening & to new construction is decreasing while funds for ~

Relocation rehabilitation of the system are increasing.

Percent of Obligations

O an

N . - 17A
] | L4

1989 1990 1991 1992 1993
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PAVEMENT CONDITION
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Rural Urban Rural Urban
Interstate Interstate Arterials Arterials

Budget:
Needs: $ 2 billion
Maintain $ 50 billion

Eliminate backlog $ 210 billien

PAVEMENTWPREVENTIVE
MAINTENANCE DEFINITION

A program strategy to:

— arrest light deterioration
- retard progressive failures

— reduce the need for routine
maintenance and service activities

60% of the Interstate system is in good condition.

Less than 50% of the urban and rural arterials are in
good condition. With the reduction in construction of
new highways, further deterioration of the system is
anticipated if current policies are continued. However,
through a preventive maintenance program, the
pavements that are in good condition can be
maintained in a cost-effective manner. This will slow
the rate that pavements degenerate igte conditions
requiring rehabilitation or reconstruction

A study by the BFHW A esfiniated the current funding
need to be $50 billion per year tadnaintain pavements
in their existing condition. Iiiproving the condition of
the netWworkeby eliminating the backlog of pavement
projécts currentlinin need of rehabilitation would
requite$210 billionannually. The current budget is
approximadtely $ 27 billion. Under existing policies,
inadequate funding will clearly lead to a deterioration
in pavement conditions.

There are several different definitions of pavement
preventive maintenance. This definition recognizes
that preventive maintenance is a program strategy that
can arrest light deterioration, retard progressive
failures, and reduce the need for routine maintenance
activities.

Page 4 of the Participants Handbook has the
definitions of preventive maintenance.




: The objective of such a program strategy is to extend
OBJ ECTIVE the functional life of the pavement by applying -

treatments before the pavement deteriorates to a
condition that requires a corrective treatment, such as a

structural overlay. Thus, relatively inexpensive -
Keep the pavement condition treatments are used to increase the life of the
above a level that would require pavement. _

corrective maintenance or other
strategies.

A

A pavem@iit preventive mainténance program strategy o
PROGRAM STRATEGY ,

consists of a series Of teatments applied to the
pavement over time. An effective strategy would
feature,a combination of different treatments, such as .-

_ = Preventive . . .
_-z=7 7 maintenance < hperiodic ek treatment followed by chip sealing.
P T, treatments The objective of this program is to provide a better

quality of service to the highway user, both in terms of
the quality of pavement conditions and the cost-
=0 . effectiveness of pavement preservation.
Conventional )
Qverlay =

Pavement
condition

Time or traffic

PLEXIRIE PAVEMENT Flexible pavement preventive maintenance treatments: =
TREATMENTS Crack treatment - sealing and filling

Fog sealing - asphalt emulsion sprayed on the surface .

Chip sealing - asphalt binder followed by layer of

» Crack treatment uniform aggregates

» Fog seal Thin hot-mix overlay - using conventional or

» Chip seal modified hot mix asphalt concrete. ‘

» Thin hot-mix overlay Thin cold seal - emulsion and aggregates mixed at the =
job site.

» Thin cold seal

Though these treatments are not new, their application
in a timely manner can greatly improve their
effectiveness.

i
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RIGID PAVEMENT
TREATMENTS

» Crack and joint sealing
» Under sealing
» Retrofit of dowels

When should a pavement
preventive maintenance
treatment be applied?

Types of preventive maintenance treatments for rigid
pavements:

Crack and joint sealing
Under sealing - filling of voids under the slab

Retrofit of dowels - for example, mid-slab cracks in
jointed reinforced pavements.

One of the mdstiimportant questiohs is when should a
preventive mainiténance {réatmefit be applied?

Let’s think about this relative to our experience with
maintenance of the department’s fleet of vehicles and
equipment.

Maintenance personnel recognize the need to change

HOWMUCH OIENSSHOULD
A CARBURN BEFORE

CHANGING THE OIL?

oil regularly on their vehicle fleet. This activity defers
engine wear and the need for costly repairs. Not
performing this activity, both early in the engine’s life
and on a routine basis, results in premature damage,
ending in costly engine replacement. What happens if
you change the oil and filters after the engine has
started to smoke? Will this repair the damage? Of
course not. The engine damage has already occurred.

The situation is similar for pavement preventive
maintenance. Preventive maintenance treatments must
be applied early in the pavement’s life, before the
pavement shows significant distress, and the
treatments must be applied on a routine basis. The
application of a treatment after significant pavement
distress has occurred is a stop gap approach to keep
the pavement open to traffic and ending in costly
pavement rehabilitation. Continued application of this

stop-gap approach is costly to the taxpayers and not
acceptable as we move into the next century.

7




Pavement Condition

Preventive

Corrective

Emergency

Time or Traffic

Since many preventive maintenance treatments will
also correct limited pavement distress, there is some
confusion about when a maintenance treatment is
preventive as opposed to being corrective. Most of the
preventive maintenance treatments discussed in this
workshop can be applied as either corrective or
preventive treatments. The distinction is the timing of
the treatment and the condition of the pavement. In
general, preventive maintenaifce, treatments are applied
to pavements in good structural'¢ondition. This
treatment usually takes place mueh easlier in the
pavement’s life in comparisofi to common practice in
the pavement industry.

Dependin@ on the t¥pe of distiess, some pavements in
fair condition can be freated with preventive
maintenance fkeatments.” Examples include:

Environmental distresses - weathering and raveling

Rutted pavements - if the rutting is due to densification
andhhas stabilized.

Severely distressed pavements are not candidates for
preventive maintenance. Sometimes a maintenance
treatment is applied to these pavements as a stop-gap
measure. However, this is not a preventive
maintenance application of the treatment. The service
life of the treatment will be much shorter than if the
treatment were applied to a pavement in good
structural condition.

A
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WHEN?

Pavement
condition

Time or traffic

ALTERNATIVES

© Structural

overlay longer life
® Partial mill and “»more traffic

replace disruptions
® Reconstruction +“»higher cgst

DEVELOPING'A PROGRAM

design
conditions

pavement
condition

preventive
maintenance
program

The timing of preventive maintenance treatments was
addressed in the SHRP research. Preventive
maintenance treatments were placed on pavements in
good, fair, and poor conditions. In general, the better
the condition of the pavement, thebetter the
preventive maintenance treatment peétformed. Sealing
a moist pavement that is in poor condiion can actually
accelerate the rate of distress develgpment.

Thelternative {0 preventive maintenance is to allow
the pavemient to deteriorate until either a structural
Overlay or reconstruction is required. These
treatiments allow traffic to use the pavement longer
witheubtraffic disruptions; however, the capital cost is
much greater.

Developing a preventive maintenance program
requires rules for selecting the type and timing of
preventive maintenance treatments. This requires
evaluation of design conditions and pavement
conditions to formulate the program.




DESIGN CONDITIONS

» Existing pavement
» Traffic

— past

- future
» Environment

PAVEMENT CONDITIONS

» Structural

» Roughness

» SKkid resistance
» Distress

PAVEMENT DISTRESS

» Trafficlead
» Environmental

» Interactions

10
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Design conditions include:

Existing pavement structure - is it adequate for the
anticipated traffic?

Past and present traffic - average daily traffic and
equivalent axle loads.

Environment - moisture, solar radiation.

Pavefiient condition can be evaluated in terms of:

Structure - I9the pavement capable of carrying the
anticipated traftic?

Roughness - What quality of service is the pavement
providing te the traveling public?

Skid resistance - Is the pavement surface safe under
wetweather conditions?

Distress - Are there maintenance problems that need
to be addressed?

Pavement distresses are generally a function of traffic

loads, environmental conditions, and their interaction.

It is important to understand the nature and causes of
distress in selecting an appropriate treatment.

A
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PREVENTIVE
MAINTENANCE FUNDING

NHS & ISTEA

>» Preventive maintenance
can be federally funded

» If demonstrated to be
cost-effective

INFORMATIONNEEDS

» Lypes of treatments
» Performance
» Cost

Interaction effects occur when environmental
conditions magnify or accelerate the impact of traffic
loading. For example, traffic stresses under a cracked
pavement, that allows moisture into the subgrade, are
greater than an under an uncracked pavement. The
same level of traffic loads therefore cause greater
damage to the cracked pavement.

ISTEA permils the uge of Federal fiinds for preventive
maintenance ptojects 1t théeest-cifectiveness is
demonstrated withia pavement management system.
This represents a ¢hange in the policy that was
fOrmerly used t0determine the availability of federal
aid." The objective of the current policy is to improve
the cost-éffectiveness of providing high quality
pavements for the traveling public. The current
National Highway System bill allows funding of
preventive maintenance treatments on the entire NHS
and removes the requirement of using a pavement
management system to demonstrate the cost-
effectiveness.

The information needed to determine the cost-
effectiveness of a pavement preventive maintenance
treatment includes the type of treatment being
considered, its performance or life, and the cost of the
treatment itself. The cost should include all
expenditures over the life of the treatment. Data from
the agency’s pavement management systems can assist
in determining cost-effectiveness.

Types of preventive maintenance treatments have
already been defined: crack treatments, fog seals, chip
seals, thin hot-mix overlays, and thin cold seals for
flexible pavements; and joint and crack sealing,
undersealing, and retrofit of dowel bars for rigid
pavements.

11



Treatment Age |Frequency Life
Crack filling 5-6 2-4 2-4
Single Chip 7-8 5-6 5-6
Multiple Chip 7-8 5-6 5-6
Slurry Seal 5-10 5-6 5-6
Micro-surfacing 9-10 5-6 5-6
Thin HMA OL 9-10 9-10 7-8

S Effectiveness
=
ge]
c
o]
&)
el
c
Q
£
()]
>
©
o,

Time or traffic

2000 -
1500 -
1000 -

500 +

T

Effectiveness

0

5

3 1
1 1

10 15

20

Frequency of treatment piacement

A recent NCHRP study by Geoffrey found that
preventive maintenance treatment practices vary by
state. Treatments are initiated after a minimum of five
years of service. With the exception of exception of
crack filling and thin hot-mix overlays, all treatments
are applied at a frequency of five to six years, and
extend pavement life by a similar amount.

Effectiveriess is defined as the/area under the
pavement condition Versussinie (or traffic) curve.
Treatments Of Strategies with a low rate of
deteriomation aremore effective than pavements that
deteriorate rapidiy

Based on an analysis of the performance of preventive
maintenance treatments, a treatment frequency of five
to six years is more effective than extending the time
between treatments. The effectiveness of the
treatment decreases by increasing the time between
treatments.

12
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Treatments placed with a frequency of 5 to 10 years
are four to five times more cost-effective than
reconstruction of the pavement. A low value of cost-
effecitveness is desireable. The blip in the curve at
year nine is the caused by the assumptions made
relative to the initial condition of the pavements at the
time the preventive maintenance program was
initiated.

The New York DOT faurnd preventive maintenance to
be 3.65 times ore costreffecti¥e than a “do nothing”
strategy. A Corps of Enginecrs study found chip seals
to bé four times more cost-effective than allowing a
pavementto deteriorate.

An analysis of the results of applying a preventive
maintenance program to an existing network ;
demonstrates that the preventive maintenance program
will improve the condition of the network over time in
comparison to either a rehabilitation only or a
reconstruction program. This analysis assumed the
initial condition of some of the pavements to be below
standard for preventive maintenance. - This accounts
for the dip in the condition of the network at about
year 10. After that time the condition of the network
remains fairly constant.

13
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The remaining life of the pavement network is also
improved by the preventive maintenance program.

PAY ME FATER

The use of preventive maintenance reflects the old
adage, “You ean pay memneW or pay me later.” In
automotive teérs, regularly paying a few dollars for
changing oil and filters is much less expensive than
replacing thémmotor. Not only is replacing the motor
more expensive, but generally, the driver suffers while
operating the vehicle with a marginal motor that needs
repair, Paying later is both more expensive and
phovidesa lower quality of service.

SHREWPREVENTIVE
MAINTENANCE,RESEARCH

» Nationwide test sections
» High-volume, high-speed highways
» Good, fair, and poor pavements

Interest in pavement preventive maintenance was
expressed in the Strategic Highway Research Program.
Preventive maintenance treatments were applied
across the nation to a variety of pavement design
situations and conditions.

14
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Layout of flexible pavement test sections
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Transition sections

FLEXIBLE PAVEMENT
TREATMENTS

» Chip seals

» Crack sealing

» Slurry seals

» Thin hot mix overlays

>» State supplemental sections

RIGID PAVEMENT
TREATMENTS

» Joint and crack sealing
» Undersealing
>» State supplemental sections

The SHRP experimental site contained each of the
SHRP experimental treatments, plus any state
designed treatments, and a control section. The
control section did not receive any treatment. All of
the sections were separated by transition sections.

Treatments in¢luded indhe SHRP research include:
Crack sealing

Chipgeals

Slurry seals

Thimbhot-mix overlays

State-designed supplemental sections in which other
treatments, such as micro-surfacing, and different
specifications were used.

Rigid pavement treatments were more limited than
flexible pavements. Treatments included:

Joint and crack sealing
Undersealing

State-designed supplemental sections; e.g., retrofit of
dowel bars on cracked jointed reinforced concrete
pavements.

15




EXPERT TASK GROUP
OBSERVATIONS

» Treated sections outperforming
control sections

» Performance related to existing
pavement condition

» Most sections are performing well

CONCLUSION

Existing pavement
condition is importaifito
treatment’s performance

CONCLUSION

Whén properly designed and
constructed, preventive
maintenance treatments can be
applied to high-speed, high-traffic
volume roads.

Data from the SHRP research is incomplete at this
time. Key findings from an expert task group
demonstrated:

Treated sections are outperforming control sections.

Performance of the treatment is related to existing
pavement condition at the time the treatment was
placed.

Most sections are performing well, although some chip
seal sections failed at the time ofi€onstruction.

SHRP reséatch has demonstratéd that pavement
condition is ah importantfagtor in the life of the
treatment. T¥€atments should be applied to pavements
i godd,condition.

Preventive maintenance treatments can be used on
high-speed, high-traffic volume roads if the treatments
are properly designed and constructed. As will be
noted throughout this course, there are correct and
incorrect procedures for the design and construction of
preventive maintenance treatments. Failure to follow
well-established procedures will lead to premature
failure of the treatment and possible damage to the
pavement structure.
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CONCLUSION

Pavement preventive maintenance
should be viewed as a

program over time

CONCLUSION

Preventive maintenance
is cost-effective

Preventive maintenance treatments have a limited life,
on the order of five to six years. To be effective, a
preventive maintenance plan should call for repeated
application of treatments over time. The plan can also
include a variety of maintenance applications, such as
crack sealing and surface treatments.

Pavement preyéntive maintenance is known to be cost-
effective. This hias been demonstfated by studies of
the life and cost'of \preventive maintenance, experience
of stat€ highway agencies, and theory. Continued
application of Step-gap maintenance is costly to the
taxpayers and not'aceeptable as we move into the next
century.

Under the ISTEA and NHS legislation, Federal
participation‘in preventive maintenance treatments is
now peossible and encouraged.

TEST ANIDNWEVALUATION
WORK FEANS

% Guides for state agencies interested in
conducting field experiments

+ FHWA assistance in designing,
conducting and monitoring experiments

+ Technical assistance application

In conjunction with this and other maintenance
workshops, the FHWA is sponsoring a technical
assistance program for states interested in doing their
own field studies of pavement preventive maintenance
methods. Test and Evaluation Work Plans have been
developed serve as guides for designing, installing,
and monitoring experimental preventive maintenance
sections.

The work plans are accompanied by a Technical
Assistance Application that can be completed by
interested agencies and submitted to the local FHWA
division offices for consideration.

17
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ENGINEERING A
PREVENTIVE
MAINTENANCE

PROGRAM

OBJECTIVE

Overview process of engineering
a pavement preventive maintenance
program.

This session presents information on engineering a
pavement preventive maintenance program.

The objective of thi§ Session is to present the concept
that a preventive mainténance prggram should
represent a congiderable @xpéfiditure of highway
resources. Treatment selection and design should be
consideredion a case-by-case basis. Rules of thumb
¢ambe helpfulin planning a general preventive
maifténance program, but the particulars for a specific
application should be determined based on existing
conditions abthe site.

LDEMENTS

+ Selection of pavement sections

¢ Design (reatment

+ Preventive maintenance program
+ Quality control

+ Monitoring

Rules must be developed for the selection, design,
timing, quality control, and monitoring of the
preventive maintenance treatment. Selection of
sections is based on pavement condition, ADT, and
environmental considerations. Once a section is
selected, treatment design is largely a matter of mix
design of the treatment. A preventive maintenance
program identifies the type of treatments that should
be applied over the life of the pavement structure.
Quality control measures are required to ensure the
performance of the project. A monitoring program
should be established to evaluate the cost-effectiveness

of the different treatments.

21




SELECTION OF TREATMENTS

Pavement condition
- environmental distress
— roughness
— skid resistance

Selection of a treatment for a section depends on the
condition of the pavement. Pavements with adequate
structural capacity are good candidates for preventive
maintenance. Sections with a limited amount of
environmentally related distress can be viable
candidates for preventive maintenance treatments.
Most preventive maintenance treatments are too thin to
correct significant roughness. Some improvement can
be achieved with thin hot-mix @verlays. Treatments
that renew the pavement surface, Such as chip seals,
thin cold-seals and hot-mix overlays,)ean correct skid
resistance problems.

Distress Preventive Maint.

Not a candidate

Fatigue Cracking

Block cracking Th!l‘l cold seal, chip,
thin HMAC

Edge Cracking Crack treatment

Longitudinal Cracking Crack treatment

Reflection Cracking Crack treatment

Transverse Cracking Crack treatment

The selection of\@ pa¥ement maintenance treatment
should be Based on the condition of the pavement. In
general, strugtural distress (fatigue cracking) cannot be
coirected with preventive maintenance treatments.
Other'distiesscs of low to moderate severity, can be
corrected with préventive maintenance treatments.
These distress types are defined in the SHRP LTPP
pavement distress identification manual. State
highway agencies can develop their own manuals and
selection rules appropriate local conditions.

Block cracking should be discussed with the class.

Distress
Rutting

Preventive Maint.

Densification of
pavement

Fill ruts with micro-surfacing,
then surface treatment

Unstable'surface Not a candidate if extensive

Preventive maintenance treatments can be applied
to rutted pavements if the ruts are stable. Stable ruts
are usually the result of densification of the
pavement layers for a period following construction.
Placing a treatment on an unstable pavement will
only temporarily repair the pavement. The level of
rutting can be monitored over a period of time,
particularly during the summer, to determine if the
ruts are stable.

e T

S Sy A P s T

22

o

A

f

e

R 3 53 O BT P GRS




sy

Y

A

R

deterioration

Potholes

Distress Preventive Maint.
Shoving Not a candidate if extensive
Bleeding Sand seal, chip seal,
micro-surfacing
Polished Thin cold seal, thin HMAC,
aggregate chip seal
Raveling Fog, thin cold seal,
thin HMAC, chip seal
Distress Preventive Maint.
Patch/patch Not a candidate if

extensive

Not a candidate it
extensive

COMBINATION\OF
DIS FRESSES

¢ Combine treatments to
repair all distresses

¢ Curing time between
treatments

Similarly, pavements with shoving are not good
candidates for preventive maintenance treatments.
Pavements with bleeding are problematic since the
excess asphalt on the pavement surface can continue to
bleed through the treatment. Pavements with polished
aggregate and raveling are good candidates for
preventive maintenance.

Pavements wigh\““excessive” patching and potholes
are not good candidates fonprevéntive maintenance,
unless the cause'of the distress 1s identified and
correCledFor example, if a local drainage
deficiency 15 ¢ontributing to the development of
distresses, the probleni can be corrected. Full depth
patches ean be placed, then the entire pavement
surface treated with a preventive maintenance
treatment.

Many pavements display more than one type of
distress. A preventive maintenance project can be
designed to treat each of the distresses. For example,
moderate severity cracking should be sealed prior to
the application of a surface seal. In this case, adequate
time should be allowed between the crack sealing and
the surface sealing to allow the crack sealant to
completely cure. Also, over-filling the crack should be
avoided in order to reduce bleeding of the sealant
through the seal.

23




TRAFFIC

¢ Preventive maintenance not structural
¢ Durability is key
¢ Durability related to mix-design

ENVIRONMENT

Preventive maintenancéis effective
for correcting environmental distress

— prevents water intrusion
— renews the surface

CONSTRUCTION
CONSIDERATIONS

# Speed of construction
traffic control
MUTCD

¢ Life of the treatment

24
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Since preventive maintenance is not intended to
improve the structural capacity of the pavement,
thickness design is not required. The ability of the
pavement to resist the abrasive action of traffic is
important. This is related to the mix design.

Periodic renewal of the pavement surface provides
severalibenefits.\ It seals the pavement surface,
preventinig water from penetrating into the pavement
stucture. Surface seals provide a new pavement
surface, controlling the effects of oxidation and
volatilization. Since environmental conditions remain
fairly constant over time, preventive maintenance
treatments can be programmed based on time rather
than the amount of traffic the pavement carries.

Minimizing traffic restrictions is important in the
selection of a preventive maintenance treatment.
Traffic control must be in effect for the entire
construction period, including the time required for the
treatment to cure. Correct traffic control procedures,
such as those contained in the Manual for Uniform
Traffic Control Devices, are required whenever traffic
is restricted. The performance life of the treatment is
particularly important for high-volume roads.
Preventive maintenance treatments generally do not
last as long as rehabilitation.
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TREATMENT DESIGN

¢ No structural design
¢ Mix design
~ aggregate characteristics

- binder
- quantities

¢ Specifications

PROGRAM

Periodic application of preventive
maintenance treatments

Crack sealing

Pavement
condition

Chip seal

Time or traffic

OQUALH Y"CONTROL

¢ Means and Methods
¢ End-Result

¢ Performance

Preventive maintenance treatments are not based on
structural considerations. Instead criteria such as the
desired surface texture, capabilities of equipment, etc.
determine the thickness of the treatment. This will
dictate the selection of materials used in the design.
The design process consists of determining the
appropriate binder, aggregate characteristics, and
quantities of each. The design process includes
preparation of specifications for ¢ontrolling the
construction process.

A preventive@iaintépafice prograin consists of a series
of preventive maintenanc@treatinents over time. The
program can consist of a mix of different treatment
types, which can'bé programmed based on policy. For
gample, forofieclass of roads, a program may consist
of'§ealing cracks biannually, with renewal of the
pavement surface every five to six years.

Regardless of the effort used in the design process, the
quality of a preventive maintenance treatment is
limited by the ability of the constructor to place the
treatment in the required manner. Specifications
define the construction objectives of the agency.
These may be expressed as:

Means and methods
End-result

Performance

25
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MEANS AND METHODS

¢ Agency defines means and
methods for performing work

¢ Split responsibility
— Contractor
- Agency

Highway construction is traditionally controlled by

the use of means and method specifications. These -2
define the materials, equipment, and procedures for
construction. In addition, the specifications define

certain characteristics that the constructor must -
achieve during the project. This results in a split
responsibility for the quality of the project. For
example, the constructor can use the specified
materials and construction procédures but fail to
achieve the desired characteristics." This often leads
to conflict in defining each party’sdiability in the
event of a substandard product;

END-RESULT
SPECIFICATIONS

¢ Agency defines required properties

¢ Contractor controls process to
achieve properties

¢ Responsibility is contractor’s

End-result §pecifications define/féquirements with
respect to the guality anthehasicteristics of the product
without identifying the means and methods required to
achieveérthe specified results. The contractor has
complete contrel Over the construction process and the
agency evaluates‘whether the final product has the
desitedicharacteristics. The contractor has s
responsibility for quality, and the agency has :
tesponsibility for acceptance. The success of end-
resulbspecifications is determined by an agency’s -y
ability to define the properties of the pavement that |
should be controlled during construction.

PERFEORMANCE
SPECIFICATIONS

¢ Contractor warranties performance
for a specified time period

¢ Contractor controls design, materials,
and construction

¢ FHWA - TE-14 spec. for
micro-surfacing

Performance specifications require the constructor to s
take responsibility for the performance of the :
pavement. The constructor warranties the quality of

the pavement for a specified time period and assumes 5
responsibility for repairing a pavement that fails to :
perform in accordance with the specifications. The
agency objective is to obtain a specified level of
service for the users, rather than pavements based on
physical characteristics.

The FHWA has developed a guide to performance
specification for the construction of micro-surfacing.

This spec. can serve as an example of the elements that s

should be included in a performance specification.
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MONITORING
PERFORMANCE

¢ New applications of existing methods

¢ Application of emerging technology

4 Need to evaluate cost-effectiveness

REQUIRED DATA

¢ Structure

¢ Traffic

¢ Pavement Condition
¢ Treatment Featus@€s
¢ As-built data

27

Monitoring the performance of preventive
maintenance treatments is required for determining
the cost-effectiveness of the treatments. Even
conventional treatments that are used in a new way
(such as chip seals on high-volume rodds) need to be
evaluated. Much of the evaluation cantbécarried out
through the agency’s pavement managementsystem.

Data néétled for monitoring the cost-effectiveness of a
treatment 1nelude;

Pavement structure
Traffie, ADT and ESAL

Pavement condition, both before construction of the
treatiment and throughout its life

Design data for the treatment

As-built data and any construction problems.
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MATERIALS FOR
PREVENTIVE
MAINTENANCE

OBJECTIVE

Overview of materials used for
preventive maintenance on
flexible pavements

BINDERS

¢ Asphalt Cements
+ Emulsions

¢ Cutbacks

Preventive maintenance of flexible pavements uses
asphalt-based binders and aggregates.

This session dddressesithe common materials used in
the construction of preventive nfaintenance treatments
for flexible pavements. Thisteview establishes a
comfnofterminology for describing the individual
tréatments 10 Sibsequent sessions.

Flexible pavement preventive maintenance treatments
use asphalt-based binders. These can be neat asphalt
cement, an emulsion of asphalt cement and water, or a
dilution of asphalt cement with a fuel to produce a
cutback. Historically, cutbacks have been important
materials for preventive maintenance. However,
because current environmental restrictions inhibit their
use, cutbacks will not be considered in this workshop.
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ASPHALT CEMENT

¢ Definition

¢ Grades
< Pen grades
+ AC
< AR
<+ SUPERPAVE

PENETRATION GRADING

Simple test to measure the
consistency of asphalt

_defined in the standards for the test.

Asphalt cement is a high molecular weight
hydrocarbon derived from the distillation of crude oil.
Asphalt’s characteristics are sensitive to temperature
and duration of the applied load. Asphalt cements are
graded based on their penetration, viscosity without
conditioning, or viscosity after conditioning. Three
grading methods are commonly used: Pen, AC, and
AR. In addition, SHRP has defined performance
grades for asphalt cement.

Penetratiornf grading 6f asphalt ¢érnent is based on the
distance a needle with fimed@haracteristics will
penetrate into an asphalt sample at 25°C. Itis
speeified by the allowable penetration range. In
addition, the asphalt cement must meet criteria for
flash point, ductility, loss on heating, and penetration
of résidue from rolling thin film oven conditioning.

The penetration test is used to grade asphalt cement.
In this test, the penetration of a needle into the surface
of an asphalt cement sample is measured after five
seconds. The shape and weight of the needle are
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PENETRATION GRADES

40-50, 60-70, 85-100,
120-150, 200-300

# -

X #‘LMaximum penetration

Minimum penetration

AC GRADING

Based on the viscosity of the
asphalt cement without
aging.

The lower the penetration numbers, the harder the
asphalt cement.

AC grading of @asphalt eement is based on the absolute
viscosity of unconditioned asph@élt cement. The
absolute viscosity 1§ measured at 60°C. In addition,
the asphalt @ement must meet requirements for
kifiématic viscosify, penetration, and flash point. After
aging with the rolling thin film oven procedure, the
sample must also meet requirements for kinematic
viseosity and ductility.

Absolute viscosity is determined by measuring the
amount of time it takes for the asphalt cement to flow
through a calibrated viscometer.
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AC grades are specified by the midpoint of the -
AC GRADES allowable viscosity range. The allowable tolerance is
plus or minus 20 percent of the midpoint.

R

AC-2.5, AC-5, AC-10,
AC-20, AC-40
_ 1/100 of midpoint of the il
AC #\ allowable viscosity range i
AC-20, viscosity range
1,600 to 2,400 poises

Asphalt cement

AR grades are specified based on the characteristics

AR GRADING of asphals conditioned using the rolling thin film e
oven proceduie. This simulates asphalt hardening

| during mixing in‘an asphalt concrete plant. In

L addition, the asphalt must meet specifications for -
¢ Asphalt conditionéd\prior kinematic viscosity, penetration, flash point, percent
to grading of original penetration, and ductility.

¢ Simulates hardening
during mixing

The rolling thin film oven equipment is used to
simulate hardening of asphalt cement during mixing of
HMAC.
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AR GRADING

AR-10, AR-20, AR-40,
AR-80, AR-160
AR- # 1/100 midpoint of
viscosity after aging,

AR-40, viscosity range
3,000 to 5,000 poises

Aged residue

SUPERPAVE

Performance Grading based én
“highest’’ and “lowest” expected
pavement temperatures.

EMULSIONS

Asphalt globules dispersed in
water and emulsifying agents.

AR grades are specified by the midpoint of the
allowable viscosity range. The allowable tolerance is
plus or minus 25 percent of the midpoint.

A new asphalt ¢ement grading précedure was
developed during the SHRP.“However, this procedure
will takeéwime to gain wide acceptance, and so it is not
coyered 1n this workshop.

Asphalt emulsions consist of asphalt cement globules
dispersed in water and emulsifying agents. The
globules are formed by physically breaking down the
asphalt cement in a colloidal mill. Emulsion asphalt
typically has 60 to 70 percent asphalt residue, 30 to 40
percent water, and a fraction of a percent of
emulsifying agent. Mixing the emulsion with
aggregates or spraying it onto a pavement causes the
asphalt globs to come together thus forming the
binder.




EMULSION TYPES

Depends on electrical charge
of emulsifier and set rates

+ Anionic - negative
+» Cationic - positive

+* Nonionic - neutral

EMULSION TYPES & GRADES

+ Anionic
+RS-1, RS2
< MS-1, MS-2, MS-2h
»HFMS-1, HFMS-2
<+ HFMS-2h, HFMS-2s
%SS-1, SS-1h

« Cationic
< CRS-1, CRS-2
< CMS-2, CMS-2h
+CSS-1, CSS-1h

The asphalt cement is dispersed throughout the water
carrying medium.

Emulsion types refleést the charge of the emulsifying
agent, the rate of setting, and the consistency of
aSphalt cement, Asphalt emulsions are manufactured
withanionic, ¢ationic, and nonionic charges. Anionic
emulsions Tiave anegative charge and are used with
aggregates that have a positive charge.

ASTM has specifications for rapid, medium, and slow
set emulsions with either positive or negative charges.

In addition, there are high-float emulsions that have a
quality, imparted by the addition of certain chemicals,
that permits a thicker asphalt film on the aggregate
particles with minimum probability of drainage.

36
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EMULSION NOMENCLATURE

CMS -1h

L h = hard asphalt residue, s'= soff
1,2 = indicates emulsion viscosity

~~~~~ M = medium set, R = rdpid, S = slow

e @ = cationie, HF = high float

37

The Saybolt-Furol device is used to measure the
viscosity of emulsions. In this test, the amount of time
required for a fixed amount of material to flow through
a calibrated orifice is measured.

Emulsion naimes are ‘coded to provide information
abafibthe characteristics of the emulsion. In the
examplésshown on theslide, the first letter, “C”, stands
for a cationic emulsion. The next letter defines the set
ratéfor the'emulsion, in this case, the “M” is for a
medium set emulsion. The “1” indicates a low
viscosity emulsion as measured with the Saybolt-Furol
test. Theh” at the end of the name indicates the
penetration of the asphalt cement is in the range of 40
£0'90.

The emulsion mixture is brown. As the asphalt
droplets coalesce, the mixture turns black.



QUICK SET EMULSIONS

¢ Not an ASTM standard

* 'Widely used for slurry seals
and micro-surfacing

QS-1, QS-1h
CQS-1, CQS-1h

In addition to ASTM standards, there are several other
emulsions available on the market. One of the most
popular is the Quick Set Emulsion used for slurry
seals. QS emulsions are available with anionic and
cationic charges and normal and hard grade asphalt
cement. The allowable Saybolt-Furol viscosity range
of the QS is lower than that of other emulsions, but
there is an overlap; e.g., QS- l4is allowed to be in the
range of 15 to 90 sec., whereas 88-1 is in the range of
20 to 100.

RAPID-SET
APPLICATIONS

¢ Chip seal

4 Sand seal

Rapid-set'@mulsions ace usefl to minimize construction
time. They ate used forchip seals, sand seals, and seal
coats.

MEDIUM-SET
APPLICATIONS

¢ Crack sealing

¢ Sand seal coat

Medium-set emulsions are used for crack sealing and
sand seal coats.
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SLOW-SET
APPLICATIONS

¢ Slurry seal

¢ Fog seal

BINDER MODIFIERS

Special binder characteristics
% temperature-susceptibility
% aggregate bonding

% elasticity

AGGREGATES

Characteristics
< Gradation
« Shape
< Surface Texture
% Toughness & Hardness
« Porosity

39

Prior to the development of quick-set emulsions, slow
sets were used for slurry seals. In addition, slow-set
emulsions are used for fog seals. The slow-set
emulsions remain in the emulsion form longer,
thereby, allowing more time for the emulsion to
penetrate into small cracks.

A varietyiof products are available to modify the
characteristics 0f asphalt cement. Generally, these
modifiers attempt o alterthe temperature-viscosity,
aggregatébonding, and ¢lasticity of asphalt cement.
Rubber 15 01ie of the most widely used modifiers. It
can be from either ground tires or a natural latex
producty Several types of plastics are used to increase
mix stiffness and reduce rutting potential.

The quality of aggregates is evaluated based on
gradation, shape, surface texture, toughness, and
porosity.




GRADATION

“ Dense grade
< Open
% Gap

% One-sized

EXAMPLE GRADATIONS

100

= Opeil

Percent Passing
-
[¢)
=
w
4]

One-sized

<>

Size

GRADATIONS USED FOR
IREATMENTS

Dense HMAC, Slurry Seals
& Micro-surfacing

Gap Stone Matrix Asphalt
Open Open-Graded
Friction Courses

One-size Chip seals

Gradation is the distribution of aggregate sizes.

Four typ&s of gradations are defined based on their
shape on a Sieve analysisiehart. Well- or dense-graded
aggregates hiave a distribution of aggregate sizes that
give the,maximum possible density. When the size
axis hasa péwer0.45 scale, a maximum-density
gtadation aggregate plots as a straight line. One-sized
aggregates are composed predominantly of one size of
aggregate. Open-graded aggregates are missing fine
materials and have high porosity. Gap-graded
aggregates are missing one size of aggregate as shown
by the horizontal portion of the distribution curve.

Different treatment types use different aggregate
distributions. Hot-mix asphalt concrete, HMAC, uses
dense-graded aggregates. Actually, the gradation for
HMAC varies off the maximum density line to create
voids in the mineral aggregate that allow space for the
binder. Slurry seals and micro-surfacing use well-
graded fine aggregate. The binder modifier used with
stone matrix asphalt requires gap grading of the
aggregate. Open-graded aggregates are used for
friction courses to increase the permeability of the
asphalt concrete. One-size aggregates are used for
chip seals.
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SHAPE & TEXTURE

All preventive maintenance
treatments require angular
aggregates with rough texture.

FLAKENESS

¢ Ratio narrowest to widest
dimension of the aggregate

¢ Long-narrow aggregates inhibit
compaction

HARDNESS & TOUGHNESS

¢ Resistanece to mechanical
degradation

¢ Los Angeles Abrasion test

Shape and texture control the stability of the mix. All
preventive maintenance treatments require angular
aggregates with high surface texture.

Flakeness is the rafio of the longest to narrowest
portiorfof the,aggregate. Long-narrow aggregates
inhibit compactioipef @sphalt concrete to a high
density!

The ability of the aggregate to resist degradation due
to traffic loads determines its hardness or toughness.
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PREVENTIVE MAINTENANCE
TREATMENT

FOG SEALS
and
REJUVENATORS

e,

- OBJECTIVES

- 4+ Discuss fog seal techniques

4 Design / material selection
4 Construction
4 Performance

4 Variations

S

- FOG SEAD

4+ Light application of diluted emulsion
4+ Renews surface

4 Seals small eracks & voids

4 Retards raveling

4 Shoulder delineation

This session of the workshop covers fog seals and
rejuvenators.

The objective of thi§ sectidn'is to discuss the proper
techniques fof fog sealing with regpect to design and
material selection) constructionsand performance. The
use of zejuvenatorsiis also covered.

A fog seal is a light application of diluted asphalt
emulsion. Fog seals are used on both low- and high-
volume roads. Fog seals are used to:

1. Renew old asphalt surfaces;
2. Seal small cracks and surface voids;

3. Prevent raveling of chip seals, pavement laid in cold
weather, and open-graded surfaces in high-volume
roads; and

4. Maintain and delineate shoulders in high-volume
roads.
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PAVEMENT CONDITIONS

4+ Porous surface

4 Low / moderate raveling
4 Low / high traffic volume
4+ High skid resistance

4+ Stable surface

FOG SEAL MATERIALS

4 Diluted emulsion
¢ Anionic / cationic
 Slow / medium setting

4 Proper consistency for
application and filling cracks

4 Possible sand cover

FOG SEAL APFLICATION

4+ Application rate 0.45-0.70 /m®
depending on weathering

4 Not oo much

4 Spray temperature = 20 - 60°C

Fog seals are used only where the existing surface is
sufficiently porous to absorb substantial amounts of
the emulsion. Fog seals are generally applied to
pavements displaying low- to moderate-severity
weathering or raveling. Fog seals are used on both
low- and high-volume roads. Fog seals should never
be applied to a pavement that has low skid resistance
or unstable asphalt concrete as indicated by rutting or
shoving.

The material used forf0g seal is an anionic or cationic
slow- or medium-setiing emulgion diluted with an
equal amount of water. . LThe consistency of the
material should be controlled to allow proper
application, and promote flow into fine cracks and
small voids.“Asand cover may also be used to
1mprove surface friction.

The application of the binder is usually kept at a low
rate of 0.45 to 0.7 liters/m> depending on the degree of
weathering of existing pavement. Heavier applications
may cause splashing and decrease in skid resistance.

A spray temperature of the emulsion between 20 to
60°C is recommended.
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CONSTRUCTION
CONSIDERATIONS

4 Pavement Preparation
* Clean / no loose fragments

* Dry surface
4 Pavement temperature >15°C

4 No rain threat

Before applying the fog seal, the pavement surface
needs to be cleaned using a power broom. The surface
also has to be dry.

The fog seal should be applied when the temperature
of the pavement surface is above 15°@and there is no
threat of rain.

The pavement suriace should be cleaned with a power

& ) brooni prioite placing the fog seal.

. The emulsion is then sprayed onto the pavement
¢ surface with a calibrated distributor truck.
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ITRACKING

Use sand to
prevent
tracking at
intersections
and dirveways

48

Notice the brown color of the emulsion before
breaking and the black color after breaking.

Handwork 18 somgtimes requited at the beginning or
end of an application, dndsif corners or at
intersections,

Sand can be applied at intersections and other cutouts
to prevent tracking of the fresh emulsion.

W

o

e

e

s

L=




v,

v

sy,

.

)

TRAFFIC CONTROL

4 Cures in 2 to 3 hours or more
4 May initially reduce friction

4 Better to initially reduce speed

INSPECTION & ACCEPTANCE

4 Materials

4 Construction procedure
4+ Equipment

4 Application rate

4+ Distributor speed

Traffic should be rerouted until the emulsion has cured
significantly. Under favorable conditions, 2 to 3 hours

may be sufficient.

The use of fog seal on high-volume roads is restricted
because friction may be initially reduced until traffic
wears some of the asphalt from the surface. During
this time, it is desirable to reduce traffic speed. In
addition, under adverse weather conditions, it may be
several hours before the road can béopened to traffic.

Before work begins equipinent should be checked to
ensure that it i ih good werking gondition. Nozzles
should be clean, ¢lear, and at the Correct angle; the
spray Mas.should e at the correct height; and the pump
set,at the'proper pressure. The spray bar should be
calibrated prior to éach use. Calibration is checked by
sprayingthe emulsion on metal trays or sheets of
heavy paper and weighing the amount of emulsion
applied. Toensure uniform application, this process is
repeated in both longitudinal and transverse directions.
The asphialt distributor should be driven at the

appropriate speed.

STATE SPECIFICATIONS

4+ Materials

4+ Application rate

4 Constriuction requirements
4+ Weather conditions

4 Method of measurement

4 Basis of payment

Typical state specifications describe materials,
application rates, construction requirements, weather
conditions, method of measurement, and basis of
payment. For example, the Arizona Department of
Transportation requires the material to be diluted with
one part water to two parts emulsified recycling agent.
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PERFORMANCE &
LIMITATIONS

4+ Fairly short life (1 - 2 years)
4+ Not effective for:

* Large cracks

* Low skid resistance

* Rutting or shoving

* Structural deficiency

REJUVENATORS

Materials applied to aged,
oxidized asphalt surfacésito:

4+ Rejuvenate surface
4 Preventraveling

4 Coat stripped sufface
4+ Potentially reduice crack dexelopmient

REJUVENATOR MATERIALS

% Proprietary

4 Not proprietary such as
* Recycling agents
¢ Cationic oil in water
emulsion of selected blend
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Fog seals are not effective for log-term crack sealing.
The average service life of fog seals is 1 to 2 years.

Fog seals must not be applied to pavements with large
cracks, low skid resistance, rutting, shoving, or
structural deficiency.

Generally, reJuvenators are materials applied to the
surfage,of aged, oxidized asphalt pavements. They
rejuvenate the surface, prevent raveling, coat stripped
surfaces, and may reduce crack development.

Rejuvenating materials can be classified into two
groups. The first group consists of proprietary
materials that are sold by their trade names. The
second group fits within general specification limits,
such as those proposed for recycling agents by the
Pacific Coast Conference on Asphalt Specifications, or
materials that have been defined as "a fine-particle-
size, cationic, oil-in-water emulsion of a selected blend
of four principle fractions of maltenes.”
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REJUVENATOR LIMITATIONS

4+ Same as fog seals
4+ Potential of damaging surface

4+ Always construct a test strip

’ _

N
>
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Rejuvenating agents may cause a skid hazard if
applied in excess. They should not be used if the
pavement: 1) contains excess asphalt; 2) is distorted,
corrugated or shows signs of instability; or 3) is

structurally deficient as may be indicated by alligator
cracking.
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PREVENTIVE MAINTENANCE
TREATMENT

CHIP
SEALS

OBJECTIVES

4 Chip seal techniques
4 Design / material selection

4 Construction
4 Variations

4 U.S. and other experience

CHIP,SEAL

4+ An application of asphalt binder
covered by a layer of one-size
aggregate

4 Also known as surface treatment,
seal coat, or armor coating

This session presents information on chip seals and
related treatments.

The objectivef this segtion is to present proper
techniques for'¢hip sealiig, withdespect to material
selection, design, and construction. Variations of chip
seal dpplications will be shown, including single,
dguble andtriple chip seals; modified binders;
precoated aggregates; sand seal; and sandwich seal.
The experience in the U.S. and other countries will
also be discussed.

A single chip seal is a sprayed application of asphalt
binder immediately covered by a single layer of
aggregate of uniform size.
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USES OF CHIP SEALS

4+ Wearing course

4+ Waterproofing the surface
4+ Sealing small cracks

4+ Improving surface friction

USE ON HIGH-VOLUME
ROADS

4 Limited use due to:

* Possible vehicle damhage

* Lack of Federal aid

* Lack of effectiveness data
* Short & variablelifé

4 Getting more fOmmon

CONSIDERATIONS FOR USE

¢ Low to moderate traffic volume
4+ Loose chips
4+ Snow plow damage

4+ Increased noise level
4+ Variable life expectancy

4+ Extended traffic control
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The chip seal course is used as a wearing course. It
also waterproofs the surface, seals small cracks, and
improves the surface friction.

Chip sealing is\widely used for low-volume roads. In
spite of its benefits, chip sealing has not been widely
used m-highwolume highways due to the possibility of
loose chips damaging vehicles, lack of Federal aid,
lackyof effectiveness data, relatively short performance
life;and variable life expectancy. The use of chip
sealing o1 high-volume roads has become more
common in recent years. A recent study showed that
10 states use chip seal on high-traffic volume facilities.

When selecting the chip seal as a preventive
maintenance treatment, the following factors have to
be considered. Chip seal is best suited for low- to
moderate-traffic volume. Loose chips may cause
windshield damage, and snow plowing can scrape
chips off of the pavement surface, thereby reducing the
effectiveness of the chip seal. Chip seals increase tire-
pavement noise levels due to its course texture. The
expected performance life of chip sealed pavements
varies from one case to another. Finally, chip seal
construction requires traffic control for an extended
period of time. The speed of vehicles on the fresh chip
seal must be controlled in order to prevent traffic from
tearing the stones off the surface.
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SHRP EXPERIENCE

4 No uniform design method

4 Design method should consider
aggregate embedment

4 Upper and lower temperature limits

4+ Calibrate equipment

PAVEMENT CONDITION FOR
SUCCESSFUL CHIP SEAL

4+ Structurally sound

4 Patched and cured

4 Clean surface with no loose ffagments
4 Dry surface

4+ Pavement temperature > 20°C

Chip seals were constructed during SHRP research
with mixed success: 1/4 of sections failed, surviving
sections have shown good performance. There is a
need for uniform design procedures that include
aggregate embedment as a design factor. Upper and
lower temperature limits should be included in the
specifications. Equipment is not being routinely
calibrated.

Since chip sedl does 0ot significantly increase the
structural capability of pavement, the existing
pavement must Be structurally sound in order to obtain
a lonfg peérfermance life. The existing pavement has to
béuepaired, patehed, and allowed to cure before
applying the chip seal. The existing surface has to be
clean'with no loose fragments. The pavement surface
also has o be dry, with a temperature of more than
2000,

BINDERWSELECTION

4+ Rapid-setting emulsion,
asphalt cement, or cutback
4+ Emulsion is preferred:
*Used with damp aggregates
* Environmental reasons
* Cost

The binder used for chip seals is usually rapid-setting
emulsion, although medium-setting emulsion could be
used with fine aggregates. Asphalt cutback or asphalt
cement can also be used. Asphalt emulsion is
preferred over asphalt cement, since it can be used
with damp aggregates. Emulsion is also preferred over
cutback based on environmental concerns and a slight
savings in cost.
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AGGREGATE FOR
CHIP SEALS

4 One-sized aggregates (9.5 mm)
4 Cubic particle shape
4 Resistant to abrasion and degradation

4 Several states use precoated
aggregates

ASTM D1139 REQUIREMENTS

4 LA abrasion 40% -
4 Two crushed faces 60 %+
4 Sodium sulfate soundness 129 -
4 Magnes. sulfate soundness 18% -
4 Clay lumps, friable particles 3% -
4 Flat or elongated pieces 10%

APPEICATION RATE

4+ Find proper application rates

4+ Enough asphalt to hold
aggregate, but not so much
that it will bleed

4 Either mathematical or lab
procedure

The aggregates used for chip seals have to be one-
sized (about 9.5 mm) in order to provide good
stability and maximum contact with tires. Cubic
particles are preferred for the same reasons.
Aggregates also have to have good resistance to
abrasion and degradation to resist traffic traction and
impact.

About six states routinely use pi€eoated aggregate on
high-volume roads in order to provide better bond
between asphalt and aggregate and.€liminate the dust
during construction.

ASTM D1439 stipulates the following requirements
for aggregates,

L#A abrasion 40% max.
Two erushed Taces 60% min.
Sodium sulfate §oundness 12% max.
Magnesium sulfate soundness 18% max.
Clay fomps, friable particles 3% max.
Flat or elongated pieces

(for sizes No. 5, 6, and 7) 10% max.

Before construction, the chip seal has to be designed in
order to find the proper application rates for both
asphalt binder and aggregates. The asphalt quantity
must be sufficient to hold the aggregate particles
without raveling, but not so much that it would bleed.
Both mathematical and laboratory procedures are
available for designing chip seals.
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Aggregate Particle

Emulsion Residue

Existing Surface §

APPLICATION RATES

Agg. Nom.
Size (mm)

19 -9.5
12.5-4.75
9.5-2.36
4.75-1.18
Sand

AASHTO Agg. Emulsion
Size No.  (kg/m*)&, (/m?)

6 22-27 L8238

7 14-16 1.42.0

8 11-14_..0.9-1.6

9 ga1r90.7-1.9
M-6 5-8

APPLICATION RATES (Cont.)

Agg. Nom.
Size (mm)
19.0-9.5

12.5-4.75
9.5-2.36

AASHTO  Agg. AC
Size No. (kg/m?) (V/m?)

6 22-27 1.6-2.0
7 14-16 0.9-1.4
8 11-14  0.7-1.1

Aggregate and asphalt application rates are controlled
in such a way as to produce a surface one stone thick
with enough asphalt to hold the aggregate in place, but
not so much that it will bleed. The binder should fill
the voids between aggregate particles about 2/3 to 3/4
of the depth. An embedment depth of @ggregate into
the asphalt film of 50 to 70 percent is typicak,

This slide shows typieal application rates for aggregate
and asphalt €mulsions as a binder according to the
redommendations ofithe Asphalt Emulsion
Manufaeturers Association. Similar rates are
recommended by ASTM D1369. Note that when the
nohinal aggrégate size decreases, both aggregate and
bindehquantities decrease.

This slide shows typical application rates for aggregate
and asphalt cement as a binder.
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ADJUST RATES FOR:

4+ Local experience

4 Surface condition

4 Traffic volume

4+ Specific gravity of aggregate
4+ Aggregate size

4+ Aggregate precoating

LABORATORY DESIGN

4 1 mx 1mx 25 mm pan

4+ Place one layer of aggregate

4+ Fill with water to top of aggregaté
4 Volume of binder is 2/3 of ' water

4 Adjust binder rate to road
condition and traffic volume

PREPARATION & WEATHER

4 Survey pavement condition
4+ Palch, seal, and cure
4 Air temperature > 10°C

4 Pavement temperature > 20°C
4 Dry surface

4 No threat of rain

The material quantities shown in the last two tables
should be adjusted for specific job conditions. Local
experience is often the best guide to determining the
amount of binder needed. Asphalt should be increased
for absorbent or badly cracked surfaces, or decreased if
the surface is with flushed asphalt. If the aggregate
specific gravity is outside of the range of 2.55 and
2.75, the amounts of aggregate shown in the table
should adjusted. If the aggregate has a gradation on
the fine side of the specified range; @ binder rate closer
to the lower limit of the quantitygafige should be used.
Precoating aggregate reduces the amountofibinder
required to coat the aggregate ditring the chip seal
construction.

The application rates for aggregates and emulsions can
be determined in the laboratéry. Aggregate spread rate
is determined by weighing the amount of aggregate
requitedhto coveran 1 m? pan. The pan is then filled
with wateruntilthe surface of the water comes just to
the top of the aggregate. The quantity of binder is
approgimately two-thirds of the water volume. This
binder‘quantity is adjusted for surface condition and
traffic volume. The quantity of asphalt should be
inereased if the road is absorbent or badly cracked, and
decreased if the road is flushed. The binder content is
reduced for high traffic volumes.

Before applying the chip seal the condition of the
existing pavement must be surveyed. Damaged areas
must be patched and wide cracks sealed. After curing,
the surface is to be cleaned with a power broom.
Many specifications require the air temperature be at
least 10°C before chip sealing begins. Some require a
road surface temperature above 20°C before work
starts. Chip sealing should never be started when the
surface is wet or when it is threatening to rain.
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CONSTRUCTION PROCEDURE

4 Clean with power broom

4 Spray binder

4+ Spread aggregate immediately
4 Roll immediately

4+ Allow binder to cure

4+ Sweep excess aggregate

EQUIBMENF

+ Trucks

4 ‘Asphalt distributor
4+ Chip spreader

4 Rollers

4 Power brooms

Existing pavement must be repaired and cured before
applying the chip seal.

It is important €0 follow €orrect construction procedures
in order to obtain long-lastingchip seal application.

Asphalt.binder is §prayed, after which aggregate is
immediatelispread. The pavement is then rolled
iffimediately to emibed aggregate and orient particles on
their flatside. After the binder is cured, sweep excess
aggregale hExcess aggregate can cause dislodgment of
therother aggregate.

The main pieces of equipment are trucks, asphalt
distributor, chip spreader, rollers, and power brooms.
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Existing pavement needs to be cleaned before chip
sealing.

POWER DRIVEN PUMP VALVE CONTROL BURNERS The asphalt digttibutor consists of an insulated tank,
BAFFLE PLATE = Y S asphalbpump, spray bar and nozzles, bitumeter wheel,
P > /[ and controls.sMost distributors are equipped with a

. heating system that'will maintain the binder at the
A\ : f it proper temperature. The asphalt distributor is

: equipped with a control system that governs the flow
of matetial, a pump tachometer or a pressure gauge

v
poam

WS (=¥ that registers the pump output, and a bitumeter. The
P bitumeter displays the rate and cumulative traveled
FLUES distance. The bitumeter should be kept clean and
BITUMETER checked for accuracy at regular intervals.
WHEEL SPRAY BAR

This slide shows the equipment just prior to the start of
the job. Equipment consists of trucks, asphalt distributor,
chip spreader, rollers, and brooming devices. Sufficient
trucks must be available in order to ensure continuous
operation without stopping.

B
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This slide shows an asphalt distributor in operation.
The typical capacity of the truck varies from 3,000 to
20,000 liters. The spray bar can cover a width of 3 to
9 m in a single pass, depending on pump capacity. In
order to obtain proper embedment andta good bond
between asphalt and aggregate, the distfibutor should
not be permitted to advance more than 304040 m
ahead of the aggregate spreader.

The chipispreader should follow the asphalt distributor
immediately before emulsion breaks. The time between
the application of bifiderand aggregate should not
exceed hto 2 minutes. This time may be increased to 3
minutes, dépending on temperature and humidity.

When two passes are required, it is good practice to
spread the aggregate on the first half of the roadway so
that a T00to 150 mm strip of asphalt is left exposed
along the center line. This will form a lap for the
second pass.

This slide shows another typical chip seal operation.




The chip sealed pavement should have a uniform-
single layer of chips that are embedded to 50% of their
depth immediately following rolling.

Rolling should be performed inmimediately after
spreading the ehips to embed and orient them on their
flat@ide. The rubber-tied rollers force the chips firmly
into the'bifider and small depressions without crushing.
Rollers weighing 6 to 8 metric tons are suitable. Adjust
the tire pressure of rubber-tired rollers to
manufacturer’s recommendation. The roller speed
should not exceed 10 km/h to avoid displacing the
chips. The use of several rollers is preferred, so that
full'éoverage can be accomplished in one pass. The
required number of passes varies from one to five.
Usually 2 to 4 passes are needed to produce good
embedment of the chips. The last pass should be in the
direction of traffic.

Sometimes rollers are covered to reduce the scatter of
chips and to maintain the heat.
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TRAFFIC CONTROL

4 Open road to traffic after
rolling and removing eX¢ess
aggregate

4 Limit speed to 25 - 40 km/h
for 2 hours

4 Use pilot car

INSPECTION & ACCEPTANCE

4 Nozzles are clear and at the
correct angle

4 Spray bar at correct height
4+ Pump at proper pressure

4 Verify spray bar calibration

After the binder is set, excess chips are swept by light
brooming. Rotary power brooms are recommended.
The time required before brooming varies from one

| agency to another and generally ranging from one day
. to a few weeks. In any case, a good band between

binder and chips is a prerequisite. Brooming should be
performed during the cooler morning houtS \lf

' embedment is low and there are signs ofehip loss after

brooming, a fog seal can be applied,

The roathmay be opened to traffic after rolling is
completed andiexcess aggregate is removed. Traffic
speedhshould be Timited to about 25 to 40 km/h for
about 2 hours on newly placed chip seals. This time
may be mereased in humid weather or reduced if
modifiers or asphalt cements are used. A pilot car can
be used to control traffic speed.

Before work begins, equipment should be checked to
make sure it is in good working condition. Nozzles
should be clear and at the correct angle, the spray bar
at the correct height, and the pump set at the proper
pressure. Calibration of the spray bar should be
verified.
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This slide shows a spray bar with plugged nozzles due
to cold asphalt or imperfections. The use of plugged
nozzles results in a non-uniform application of binder
or uncovered longitudinal streaks.

Correct

SO 66668

Nozzles have to be Set at an angle so that the spray
fans do not interfere Withi@he another. The nozzle
angle varies ageording to the make of the distributor,
butistypically between 15 and 30 degrees. Itis
important thatall nozzles be set at the proper angle
within close tolerances in order to obtain a uniform
application rate.

The height of the spray bar must be properly set and
maintained to obtain a uniform spray and avoid
longitudinal streaking. If the bar is not adjusted at the
proper height, there will be areas that are either
without asphalt or that receive excess asphalt.

The spray bar height should be adjusted to produce
exactly single, double, or triple coverage. Double
coverage is more suitable for a 100-mm nozzle
spacing, but triple coverage can also be used. The
spray bar height for triple coverage may permit wind
distortion of the spray fans.
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The height required to produce single coverage is
determined by visual observation. To obtain double
coverage, every other nozzle is turned off and the
spray bar is raised in increments of 15 mm until single
coverage is obtained. This height will produce double
coverage when all nozzles are unplugged. Triple
coverage can be obtained using a similar procedure,
except that two out of every three noazles are closed.
Note that the height needed for doubl€ éeverage is
twice of that of single coverage, and that oftriple
coverage is 1.5 times that of doublegoverage.

This slide shows the cortect heightof the spray bar.
Nozzles with différént application rates can be used in
the whe@hpaths to aveid flushing.

The application rate of the spray bar should be
calibrated prior to each use. Calibration is performed
using pre-weighted metal trays or sheets of heavy
paper to determine the amount of binder per unit area.
To ensure uniform binder application, this process is
repeated in both longitudinal and transverse directions.
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INSPECTION & ACCEPTANCE

4 Proper temperature of asphalt

4 Proper speed of asphalt distributor
+ Aggregate spreader working properly

4+ Calibrate aggregate spreader

68

Asphalt should be at the proper temperature before
spraying. The asphalt distributor should be driven at
the appropriate speed. The aggregate spreader should
be checked to ensure proper working condition. The
application rate of aggregate shglild be calibrated as
shown in a later slide.

Theasphalt binder should not be too hot or too cold.
A typical fange of binder temperature between 55 and
80°C is common when rapid setting emulsions are
used. If asphalt cement is used, it is normally sprayed
at temperatures of 130°C or higher. Both surface and
air temnperatures should not be below 15°C. Air
temperatures of 40°C or higher may reduce the bond.

Overheating could prematurely break the emulsion,
thereby reducing the bond with the aggregates. This
slide shows an application where the binder is too hot
as detected by the fumes.
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The aggregate spread rate should be adjusted to form a
single layer. The rate of chip spreading and the

' consistency of spreading in both transverse and

longitudinal directions should be checked prior to each
application. Calibration of the chip spreaders can be
accomplished by placing mats of known surface area
(approximately 1 m?) in the path of the spreader. Chip
quantities on each mat are weighed. Spreader gates
are adjusted to disburse the desired quantity of chips.
Calibration should be performed using the Same
aggregate used in the chip sealing.

A neat transverse joint can be obtairied by using a
paper strip at the start and end of the chip seal
applicatiOn,

This is what the transverse joint should look like.
Longitudinal joints can be eliminated by using full-
width applications.
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STATE SPECIFICATIONS

4 Materials

4 Application rate

4+ Construction details

4 Weather conditions

4 Method of measurement
4 Basis of payment

CHIP SEAL PERFORMANCE

4 4 to 7 years on highways with
5,000 vpd/lane

4 SHRP SPS-3 project

4 Timing of application.is.critical

PERFORMANCE (Cont.)

Performance depends on:
+ Traffic
4+ Pavement condition

4 Aggregate size, rate, and type
4+ Binder type and rate

4 Environmental conditions

Typical state specifications include descriptions of
work, application rate, construction details, weather
conditions, methods of measurement, and basis of
payment.

Chip seals typically provide good performance on
highways with 5,000%pd forabout 4 to 7 years.
Seweral chip'seal projects were constructed under the
SHRP SPS-3 project. Preliminary indications show
that timing Of €hip seal application is critical to its
performance and cost-effectiveness.

Chip seal performance has been mixed. It has
performed for many years in some projects, whereas
others failed relatively early. Performance varies
depending on factors such as traffic volume and load;
existing pavement condition; size, rate, and type of
aggregate; type and rate of binder; and environmental
conditions.
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CHIP SEALS ELSEWHERE

4+ Polymer modified binders (Europe)

4 Large aggregate (Australia,
New Zealand, and South Africa)

CHIF SEAL DIMITATIONS

4+ Windshield damage

4+ Tire noise

4+ Prolonged traffic control
4 Flushing or streaking

4 Premature failure

4+ Aggregate cost

Chip sealing has been applied on many high traffic
volume roads and bridges. This slide shows Tacoma
Narrows bridge, which carries approximately 80,000
vehicles per day. A polymer-modified binder was
used to allow early opening of the bridge.

By and large, ¢hip seals it Europe/and other countries
are similar to thgse in the UiSmHowever, polymer-
modified binders‘are commonly used in Europe. In
countries stieh as Australia, New Zealand, and South
Adriea, large ston@aggregate is used to obtain long
servigelife.

If a chip seal is not properly designed or constructed,
several problems can result. Windshield damage may
occur if the chips are not adequately embedded in the
asphalt, excessive stones are not swept, and traffic
control is not maintained. Other problems include
increased tire noise, prolonged traffic control during
construction, flushing, streaking due to non-uniform
binder application, and potential for premature failure,
such as loss of chips by traffic wear or snow plow
damage. Another limitation of chip seal applications
is the cost of obtaining the one-sized aggregates

needed for long-lasting chip seals.
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Several variations can be used with the chip seal to

VARIATIONS ON CHIP SEAL | address some of the previously noted problems. These

variations include using single, double, or triple chip

. seals; modified binders; asphalt cement; precoated
+ Alternate binders chips; sand seal; and sandwich seal. The use of
4 Double and triple chip seals multiple chip seals fills the voids between aggregate

+ Precoated chips particles and increases service life.

4 Sand seal Sand seal, sandwich seal, and efipe seal are other
4 Sandwich seal alternatives to chip seals.
4+ Cape seal

Some state§, such'as Arizona, California, Texas, and

ALTERNATE BINDERS Washington; use polymémmodified chip seal on high-

volume roads. Modified emulsion reduces

temperature suseeptibility, provides better adhesion to
the existing supface, and allows the road to be opened

4+ Polymer modified emulsion 10 traffic earlier.“Both recycled rubber and synthetic
polyimers have been used as modifiers. The use of

4 Crumb-rubber modified asphalt asphalt é@ment as a binder also allows opening the
road to traffic earlier. However, it increases the cost

4 Asphalt cement and requires clean aggregate and special equipment to

achieve acceptable results.

A double or triple chip seal consists of two or three

MULTIFDE CHIP SEAL alternate applications of asphalt and aggregate,

respectively. The nominal top size of the cover

aggregate for each successive course should not be more
than one-half that of the preceding one. When using
multiple chip seal applications, the first layer should be
cured before application of the second layer.

4+ 2'or 3 alternate applications
of asphalt and aggregate

Chip seal is also known as seal coat, surface treatment,
4+ Each successive layer = or armor coating.
1/2 of preceding layer )
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MULTIPLE
CHIP SEAL (Cont.)

4+ Layer thickness = Aggregate
size of first course

4 Double chip seal costs are
1 1/2 times that of single chip seal

4+ Double chip seals last >
twice single chip seals

The aggregate size of the first course determines
surface layer thickness, while the aggregate in the
following layers fills the voids in the preceding layers.

Double chip seals cost about 1 1/2 times more than
single chip seals. However, double chip seals usually
give more than twice the service life of single chip
seals.

PRECOATED CHIPS

4 Eliminates dust

4+ Improves bond

4 Coated chips should separate
and flow readily thru spreader

Precoated aggrégate iS used by some states such as
Illinois, Oregon; PennsylvaniagTexas, Utah, Virginia
and Arizona. Pregoating eliminates surface dust and
improves adhesion between aggregate and binder.
Eafly, adhesion igladvantageous on high-volume roads
to allowearly opening of the road to traffic. In this
case anasphalt cement content of about 0.75 to 1% by
weight of ¢hips and 90% or more coating are desired.
A miRing temperature of about 140°C is
recommended. Correctly coated aggregate particles
should separate from each other easily and flow
readily through spreaders.

SAND)SEAL

4+ Asphalit binder followed by
sand cover < 6.35mm

4 Binder is rapid or medium
setting emulsion

4 Mostly for low-volume roads

Sand seal is an application of asphalt followed by a
sand cover aggregate. The sand or stone screenings
should be 6.35 mm sieve size or smaller. The binder
used for sand seals is usually a rapid setting (anionic or
cationic) or a medium setting (anionic or high-float)
emulsion. Therefore, sand seal is essentially the same
as chip seal, except that finer aggregate is used as
cover. It has mostly been applied to low-volume
roads. Some agencies have applied sand seals on
moderate- to high-volume roads and have reported
good performance.
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USES OF SAND SEALS

4 Improve microtexture

4 Renew old surfaces

4 Seal small cracks and voids

4 Retard raveling

4 Maintain & delineate shoulders

SAND SEAL APPLICATION

4+ Emulsion rate = 0.7 - 0.9
liters/m’ depending on:

» Texture of existing surface
* Local conditions
* Traffic

4 Sand rate = 5 - 8 kg/#ii’

CONSTRUCTION &
PERFORMANCE

4+ Surface Temperature 15°C+
4+ Pnevmatic rollers
4+ Normally 2 - 3 hr lane closure

4+ Performance life = 3 - 6 years

Sand seals are used to:

1. Improve surface friction;

2. Renew old asphalt surfaces;

3. Seal small cracks and surface voids;

4. Prevent raveling of chip seals, pavements laid in
cold weather, and open-graded surfaces in high-
volume roads; and

5. Maintain and delineate shouldér$in high-volume
roads.

The rate 6f émulsion application varies from 0.7 to 0.9
liters/ m?, depending ofistheffexture of the existing
surface, local €onditions, and traffic. Sand is applied
atarateof aboub 5 to 8 kg/m?.

Sand seal should not be applied unless the surface
temperature is at least 15°C. Pneumatic tire rollers are
recommended. Two hours of lane closure is generally
required under normal conditions. The performance
life varies between 3 and 6 years. Variables include
traffic, construction quality, materials, and
environmental conditions.
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SAND SEAL LIMITATIONS

4 No long-term crack sealing
4+ Excessive traffic control

4+ Difficulty in determining
appropriate binder rate

4 May not provide distinct delineation

SANDWICH SEAL

One application of binder
between two layers of aggregate

Small Aggregate (2.36-4.75 mm)
Emulsion
Large Aggregate (4.75-9.5imm)

SANDWICH SEAL
CONSTRUCTION

4 Clean and dry pavement

4

Clean aggregate

4 Light-weight steel roller on
bottom aggregate layer

4 Slow-moving pneumatic
roller on top aggregate layer

Among the limitations of sand seals is that the
treatment is not effective for long-term crack sealing.
The use of sand seals on high-volume roads is limited,
due in some cases to excessive traffic control
requirements and difficulty in determining the
appropriate binder rate. In addition, sand seal may not
provide the distinct delineation, depending on the
aggregate color.

Sandwich seald$ an application of binder sandwiched
between two layers of aggregated Ini this process, one-
sized aggregates 4.75 to 9.5'mm are spread on a clean
and dfy pavement aba rate of about 80% of the amount
neéded to provide coverage at one stone thickness and
then éempacted. “A§phalt emulsion is then applied at a
rate of 112 to 1.5 times the amount required for a
conventional single-course treatment. A second
course of one-sized 2.36 to 4.75 mm aggregate is
appliedhand rolled.

Before applying the sandwich seal, the existing
pavement must be clean and dry. All aggregates used
in the sandwich seal application have to be clean. A
light-weight steel roller may be used to seat the first
layer of aggregate. A slow-moving pneumatic roller is
used to compact the top aggregate layer.
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Sandwich seal is used for sealing high-traffic
SANDWICH SEAL USES pavements and flushed pavements. It also improves -

skid resistance. Sandwich seal has approximately the

‘ same service life as the double chip seal. It is more
1 4+ Seals pavements economical than the double chip seal, however since .

only one application of binder is used.
4+ Improves skid resistance Y PP

A

4 Same life as double chip seal

4 More economical than
double chip seal

F

A cape seal\is chip\séal topped with a slurry seal or
CAPE SEAL micro-surfacing. ‘Thename ié derived from the Cape -
Province of South Africa where it was originally

déveloped.

4+ Chip seal topped with slurry
seal or micro-surfacing

4 Named after Cape Province
of South Africa

This slide shows a cape seal project where a chip seal
is followed by micro-surfacing. A cure time of 4 to 10
days should be allowed between the two applications,
unless asphalt cement is used with the chip seal.
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PROPERTIES OF CAPE SEAL

4 Dense surface with improved
skid resistance and a relatively
long service life

4 No loose cover stones

4 More suited for high traffic
volume roads

CAPE SEAL CONSTRUCTION

4+ Apply single chip seal
+ Curefor4-10 days
4 Broom regularly

4+ Apply slurry seal

4 Cure for 2 -12 hr. depending
on temperature

CAPE SEADAPPLICATION

Rates for a 15 mm layer

* Emulsion 1.4-2.0 liters/m?

* Chips 14-16 kg/m?

e Slurry mix  3-5.5 kg/m?
(usually Type I)

The cape seal provides a dense surface with improved
skid resistance and a relatively long service life. No
loose cover stones are typically produced. These
properties of cape seal make it very suitable for high
traffic volume roads. ‘

A single coursé of chip séal is applied in the
conventional manner.. A cure tinie of 4 to 10 days is
required for the €hip seal'before applying the slurry
seal. ADuring that time, the surface has to be regularly
broomed in Order 0 provide better adherence of the
sturty. After the'€hip seal has been cured, the slurry
seal 18 applied to fill the voids between the cover
stones. ‘After applying the slurry seal, traffic should be
detoured tor about 2 hours in warm weather, and 6-12
houts or more in cool weather.

For a 13 mm thick layer, the emulsion is applied at a
rate of about 1.4 to 2.0 I/m?, the chip at a rate of 14 to
16 kg/m?, and the slurry mixture (usually type I) at a
rate of 3 to 5.5 kg/m?.
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PERFORMANCE &
LIMITATIONS

4 Better resistance to studded
tires than chip seals

4 Long construction time

Test track data indicate better studded tire damage
resistance than a chip seal.

One of the limitations of the cape seal is the need to
restrict traffic flow twice for construction of the seal.
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PREVENTIVE MAINTENANCE
TREATMENT

COLD THIN
SEALS

OBJECTIVES

4 Cold seal techniques

4 Design / Material selection
4 Construction

4 Variations

4 U.S. and other experience

COLDTHIN SEALS

4 Slurry seals

4 Micro-surfacing

This section covers cold thin seals. Cold seals require
combining asphalt emulsions with aggregate at the job
site. There are many factors that control the quality of
these treatments and operator skill is required in order
to achieve sound results and good project performance.

The main objegtive of thid section 1§ to discuss the
proper techniques for Slirry seal with respect to
material selection, design; and eonstruction.

The efpénience in'the U.S. and other countries will
algh, be discussed. '

Cold thin seals consist of slurry seals and micro-
surfacing.
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COLD THIN SEALS

SLURRY
SEALS

SLURRY SEAL

A slurry mixture of:

4 Quick or slow setting emulsion
4 Well-graded fine aggregate

4 Mineral filler (in most ¢ases)
4+ Water

4+ Single Coat =5 mmdthick

USES OINSLUKRY SEALS

4 Seals minor cracks and voids
4 Retards surface raveling
4 Improves surface friction

4 Delineates pavement areas

We will first talk about slurry seals and other related
treatments.

Slurry seal 1§ a mixtire of slow or quick setting asphalt
emulsion, well-graded fineafgregate, and mineral
filler (in most €ases) mixed with water to produce a
slutryieensistency. The thickness of a single coat of
slurry seal iSapproximately 5 mm.

Slurry seals are used for: |

1. Sealing minor surface cracks and voids;

2. Retarding surface raveling;

3. Improving surface friction characteristics; and

4. Delineation of different pavement surface areas.
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CONSIDERATIONS FOR USE

4+ Mostly for city and county streets
4 Few moderate- & high-volume roads

4 1to 2 hr. or more curing period

Slurry seals are routinely applied on city and county
streets. Only a few states have used slurry seals on
moderate- and high-volume roads. At least one state
has used slurry seal to cover open-graded friction
course on Interstates and other high-volume roads.
Slurry seals were also applied on moderate- to high-
volume roads under SHRP Experiment SPS-3.

A curing period is necessary before allowing traffic on
the slurried surface. Under warm conditions, slurry
seals require 1 to 2 hours or more@ sure.

SHRP EXPERIENCE

4+ 81 SHRP slurry seal test sections in
U.S. and Canada (SPS-3 experiment)

4 Generally improve pavement
performance

Single application slutry séals weté applied to 81
SHRP test secfions throfighout the U.S. and Canada
(SHRP SPS-3 experiment)yTheése sections are now
being evaluated Under the FHWA’s Long-Term
PavetmentRerformance (LTPP) program. The slurry
séals generally limprove pavement performance
relative to the contral section..

CONDITIONS FORSUCCESS

4 No cracks or movements
under traffic

4+ No rutting or shoving

To achieve a successful slurry seal application, the
existing pavement should have no large cracks or
movements under traffic. The pavement must also be
stable, with no excessive rutting or shoving.
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SLURRY SEAL TYPES

TYPE GENERAL USAGE
| Crack sealing (low traffic)

i Corrects raveling (moderate to
heavy traffic)

lli Fills minor irregularities &
restores friction (heavy traffic)

SLURRY CHARACTERISTICS

TYPE | ! 1
Max. Size, mm 2.36 475 95
% Residue 10-16 7-13 6-12
Rate, kg/m? 3-5 58 _8%
Filler = 0.5-2.0%
Mixing Water = 6-11%

SEURRY SEAL'MATERIALS

4+ Quick setting emulsion

4+ Well graded fine aggregate
4 Mineral filler (in most cases)
4+ Water

4+ Additives to help setting

The International Slurry Surfacing Association
identifies three types of slurry seal with different
aggregate gradations and percentages of asphalt

residue. Type I is generally used for crack sealing in
low traffic areas. Type II is used to correct raveling

oxidation in moderate to heavy traffic areas. Type III
is used to fill minor irregularities and restore friction.

It is also used as the first course in multi-course
applications for heavy traffic areas.

Since increasing traffi€ volume requires the use of a
higher orderslurry type, movifig from Types I, II, and

III requires an increase imthe maximum aggregate
size, an increase in asphalt residue content, and an

increadesin the application rate as shown in this slide.
Type I sturrythas the finest aggregate gradation, while

Lype I1I has the'€oarsest gradation. Also, Type III
produees maximum skid resistance and a superior
wearlng surface in comparison to slurry types.

Mineral fillers such as portland cement and hydrated

lime are often used as stabilizers and to reduce the

break time of the emulsion. Other additives may also
be used to control break time. Quantities of water and

additives depend on field conditions.

The materials used to prepare the slurry seal mix are
slow- or quick-setting asphalt emulsion, well-graded

fine aggregate, mineral filler (in most cases), and

water. Additives such as portland cement, hydrated

lime, or aluminum sulfate liquids are often used in
small quantities to help in setting the slurry.
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SLURRY SEAL MIX DESIGN

4 Trial-and-error procedure
4 Selection and testing of components
4 Mixtures testing

4 Optimum asphalt content

CONSTRUCTION
CONSIDERATIONS

4 Seal cracks, patch, & cure
4 Broom
4 Tack coat if dry or raveled

4+ Continuous operation

4 Pre--wet if hot weather

WEATHER CONDITIONS

4+ Air temiperature = 10°C+
4+ Pavement temperature = 10°C+
4 No freezing within 24 hours

4 No rain for several hours

The design of slurry seal mixture is currently
performed using a trial-and-error procedure. This
process usually results in an acceptable slurry mixture.
The process consists of the following three steps: 1)
selection and testing of the mixture components,
mainly aggregate and emulsion; 2) testing of the slurry
mixture to determine compatibility of the mixture
components; and 3) determination of the optimum
asphalt content. Detailed information on slurry seal
design can be found in industry lié€rature.

Crack sealing and patching of the existing surface
must be compléted and aliowed to €ure prior to the
application of a slurry sealpSin€e the slurry seal is
very thin, crack §ealing should be flush with, or just
below, thépavement surface. Immediately prior to
cOnstruction of the slurry seal, the pavement surface
shouldibe cleaned with a power broom. If the existing
pavemenhis dry or raveled, a tack coat is used before
the slurry'seal application. During hot weather, if a
tack goat is not used, the surface of the pavement
should be dampened before the slurry seal is applied.

To obtain best performance, both air and pavement
temperatures should be at least 10°C and there should
be no chance of freezing within 24 hours after
placement. Slurry seal should not also be applied
during rain or if rain is expected before the slurry is
set.
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4 Power broom

4 Slurry machine to mix the
materials and apply the slurry

4 Possible rubber tired roller

A slurry machine is used to mix the materials in a form

CONSTRUCTION E Q UIPMENT | o slurry. The slurry is immediately applied to the

paved surface. The power broom is required to clean
the pavement immediately prior to placing the slurry.
In some cases, a pneumatic roller is used to seat the
material and promote rapid stiffening of the mix.

SLURRY MACHINE
'MATERIAL FLOW DIAGRAM

i Blades Reverse Pich
e - Approgmamit Here
D /— /- Emutsion

This slide showsia typi€al truck-mounted slurry
machine bé&ing used o apply the slurry seal mixture.
The maching has separatestaniks for water, emulsion,
additives, mineral filler, and aggregate. A water spray
barattaghed to'the rear of the truck is used to wet the
pavement surface ahead of the mixture placement.

It 1§ desirable to calibrate the machine before use to
insure aceurate proportioning. Self-propelled
machines are sometimes required for high-volume
roads,

Slurry seals are generally produced and placed using a
truck-mounted slurry machine. This slide shows a
flow diagram of materials in the slurry machine.
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Sand being loaded into the slurry machine.

Loading the ag@regate bin with sand,

Emulsion being added to the slurry machine.

87




This slide shows the interior of a typical mixer. A
multi-bladed single shaft is usually used for blending
the materials. Aggregate and mineral filler are
introduced into the mixer. Emulsion is introduced at
about the one-third point of the mixer.

A chute is@ised to diScharge thé mixture into the -
spreader box. \Some chutessie fitted with a divider to :
evenly distribute the material. This is particularly

irfiporfant when placing slurry in areas of high crown s
or on superelexated curves. In such cases, the slurry

should be diverted'to the high side of the spreader box,

since gravity will keep the lower side filled. =

Newer-type spreader boxes fitted with augers are 3
recommended to achieve uniform distribution of
material, particularly when quick-set-type slurry is
used. Boxes are fitted with seals on all sides to hold
the material within the box while ensuring that a
uniform coverage and depth are maintained. A drag
mop (burlap) is commonly used with the spreader box
to achieve a uniform texture.
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CONSTRUCTION
CONSIDERATIONS

4+ Roll only atlocations subject to abrasion

4 Use 4.5 Mg pneumatic tire roller

4 Start rolling when clear water can be
pressed out with a piece of paper

This slide shows a typical slurry seal operation.
Notice the brown color of the emulsion. Emulsion
has to be used before breaking. The mixture is applied
at a speed of 1.5 to 2 km/h. The slurry should be
produced and spread at its optimum consistency and
stability. If it is too fluid, the slurry may run into
channels and segregates, resulting in poor skid
resistance. If it is too stiff, it may prematurely set in
the spreader box or may tend to diag behind the
burlap. Because of its fluid nature, many operators
prefer to place the slurry while going iphill.

In some aread, manualépreading snay be required in
order to obtain a\uniform layen:

Some construction precautions have to be considered
when applying the slurry seal. It is not necessary to
roll a normal thickness of slurry seal, except at
locations subject to abrasion caused by severe steering,
braking, or acceleration. In such cases, the slurry can
be rolled by a 4.5 Mg pneumatic tire roller. Rolling
can start as soon as clear water can be pressed out of
the slurry mixture with a piece of paper without the
appearance of discoloration. Rolling is normally
suggested in airport construction.
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TRAFFIC CONTROL

Detour traffic to allow curing:
4 2 hours in warm weather

4 6-12 hours or more in cool weather

Traffic should be detoured for about 2 hours in warm
weather, and 6-12 hours or more in cool weather. This
time is needed to allow for curing of the slurry.

INSPECTION & ACCEPTANCE

4 Materials
4+ Mix design
4+ Equipment

4+ Construction procediires

In order to gbtain good slurry séal performance, proper
materials, miX design, €guipment, and construction
progedures should be used.

STATE SPECIFICATIONS

4+ Materials

4 Mix design and proportioning
4+ Consfruction requirements

4 Weather conditions

4+ Method of measurement

4+ Basis of payment

State specifications for slurry seal include description
of work, materials, mix design, proportioning,
construction requirements, method of measurement,
and basis of payment.
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SLURRY SEAL
PERFORMANCE

3 - 5 years depending on:

4+ Traffic

4 Environment

4+ Existing pavement

4 Quality of materials & design
4 Construction quality

SLURRY SEAL LIMITATIONS

4 Not suitable if surface is:
e cracked

* moves under traffic

4+ Long curing time

The nominal life of slurry seals is 3 to 5 years on roads
with moderate to heavy traffic (ADT of 5000
vehicles/lane). The slurry seal performance is affected
by several factors, including traffic loading,
environmental conditions, existing pavement
condition, quality of materials and design, and
construction quality.

Slurry seals do not perform,wellfif the underlying
pavement surfage is cracked and moves under traffic.
Alsef slimry seals typically require longer curing times
tHan chip seals:
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COLD THIN SEALS

MICRO-SURFACING

MICRO-SURFACING

4 Thin paving system (10-15mm)
4 Polymer-modified emulsion

4 Crushed aggregate

4 Mineral filler

4+ Water

4+ Additives (as needed)

MICKO-SURFACING

4+ Can be viewed as polymer-
modified slurry seal

4+ Except:
 Cures faster
e Placed in a thicker layer

Now we will discuss micro-surfacing.

Micro-surfacifig is a thifi surface paving system
composed of polymer-modified@sphalt emulsion, 100
percent crushed aggregate, mitieral filler, water, and
fielddeomtrol additives as needed. It is applied as a thin
10.15 mmi surfaee freatment.

Micro-surfacing can be also viewed as a polymer-
modified cold paving slurry seal system. Micro-
surfacing differs from conventional slurry seals in that
it cures and develops strength faster and can be placed
in a thicker layer than slurry seals.
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MICRO-SURFACING HISTORY

4+ Developed in Europe in 1970s
4 Introduced in U.S. in 1980

4+ Major users are KS, OH, OK,
PA, TN, TX, and VA

4 Used for rut filling and texturing

USES OF MICRO-SURFACING

4 Asphalt Pavements
» Texturing / sealing
* Rut filling

4 Concrete pavements

* Texturing

OTHER USES

4 Raveled & flushed surfaces
4+ Oxidized surfaces
4 Crack/void filling

4 Minor leveling

4 Interlayer

Micro-surfacing was developed in Europe in the
1970s. It was first introduced in the U.S. in 1980 in
Kansas. Since then, many other state and local
agencies have used this treatment to address certain
pavement conditions on their moderate- to heavy-
volume roads. Major user states are Kansas, Ohio,
Oklahoma, Pennsylvania, Tennessee, Texas, and
Virginia.

Micro-surfacing cures through an électrochemical
process and by the loss of water from the system.

Micro-surfacing has been used on both asphalt and
portland congrete pavementst For asphalt pavements,
it has mostly Beéen used for texturing, sealing, and rut
filling. "Micro-sutfacing can provide a long-term
solution Tor rlibif the pavement is stable. If the rut is
unstable and is progressing due to plastic flow, micro-
surfacing provides a short-term solution. For concrete
pavemellts, it has been used mostly for texturing.

Other uses of micro-surfacing include 1) applications
on oxidized, raveled, and flushed surfaces 2) crack and
void filling 3) minor leveling and 4) as an interlayer.
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CONDITIONS FOR
MICRO-SURFACING

4 No large cracks or movements
under traffic

4 No excessive irregularities or shoving

4 Moderate- & high-volume roads

MICRO-SURFACING
MATERIALS

4 Quick-set polymer modified
CSS-1h

4 Manufactured crushed stone
such as granite, slag,
limestone, etc.

MATERIALS (Cont.)

Type I I

Top size, mm 9.5 9.5
Application, kg/m” 5t010 8to16
% Asphalt content 5.5t09.5

% Filler 0.5 to 3.0
Polymer modifier As needed
% Water 4to 12

To achieve a successful micro-surfacing application,
the existing pavement should have no large cracks or
movements under traffic. The pavement must also be
stable, with no excessive irregularities or shoving.
Micro-surfacing is suitable for both moderate- and
high-volume roads.

Micro-surfacifig, guidelines are available from the
International Stutry SurfagimgeASsociation. The
emulsjon shall be guick-set polymer modified CSS-1h
and Shalleenform o the requirements of AASHTO
M208 and ASTM,D2397, in addition to other
requitements. Theaggregate shall be manufactured
crushed 8tone such as granite, slag, limestone, chat, or
other high-guality aggregate or a combination thereof.

Two types of micro-surfacing (Types II and IlI) with
different aggregate gradations, binder contents, and
application rates are defined by the International
Slurry Surfacing Association. The maximum
aggregate size of both types is 9.5 mm.

Mineral fillers such as portland cement and hydrated
lime are often used as stabilizers and as a means of
reducing the break time. An additive may also be used
as needed to control the break time.
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These are the aggregate gradations of Types II and III
plotted on a 0.45 power graph. Type III has coarser
gradation than Type II and is usually used for rut
filling and texturing on high-volume roads.

EUROPEAN EXPERIENCE

4 Close to ISSA gradation
4 PC or hydrated lime, if required
4+ Polymer solids = 3%+

4 Latestinnovations

° Fibers
Gap-graded mixes

European ¢ountries Uise aggregate gradations close to
that recommended by ISSA«The mineral filler, if
required, is aOn-air-entrained portland cement or
hydrated lime.. A minimum of 3% polymer solids,
based onasphalt weight, is generally used. The latest
Elkopean innovation includes the incorporation of
fibershand the use of gap-graded mixtures. The
incorporation of fibers increases viscosity, improves
skid resistance, and retards cracking.

MICRO-SUREACING DESIGN

4 Component selection & testing
4+ Mixture testing to determine

» Froperties

» Water content

* Filler & additives

* Optimum asphalt content
4 Performance-related testing

The micro-surfacing mixture design process consists
of:

1. Component selection and testing;
2. Mixture testing to determine;
a) mixing and application characteristics of
emulsion and aggregate
b) effect of water content
c) effect of filler and additives

d) optimum asphalt content, and

3. Performance-related tests on mixture samples.
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DESIGN COMMENTS

4 Purpose is material compatibility
4 Test repeatability not assured

4 Design is evolving

4 Tests need to be standardized

4 Design values need validation

APPLICATION RATE

+ Single application needs 8 to 16 kg/m>

4 For retexturing, use 8 to 19 kg/m’
depending on thickness

4 For rut filling, rate varies according
to rut depth

PAVEMENF FREPARATION

4+ Repair/seal joints & cracks

4 Cleanroad

4+ Tack coat if:
* extremely dry or raveled surface
* concrete

4 Pre--wet during hot weather

The design tests determine the compatibility of various
materials. However, since a reliable sample
preparation procedure has not been perfected, the
repeatability of tests is not assured. The design
process of micro-surfacing is still evolving, and the
industry is currently trying to improve the design
procedures and adjust standards to reflect the effect of
various material combinations. Théze is a need to
standardize the test procedure used @ @design micro-
surfacing, and design values must be validated as well.

The application rate for rétexturing seals on high-
volume roads ranges from 81019 kg/m?, depending on
the defited surfacing thickness. In general, 8 to 16
kgim? is used for layer thicknesses of 5 to 15 mm for a
single application. For wheel ruts, the application rate
varies agécording to the rut depth.

Potholes, as well as joints and cracks that are 5 mm or
wider, should be repaired and sealed before the
application of micro-surfacing. Repairs should have
sufficient time to cure and should not be allowed to
build on the surface. Otherwise, the sealant could be
torn by screeds during the application of micro-
surfacing, leaving drags or tear marks. Clean the
surface. On asphalt pavements, a tack coat is not
required unless the surface is extremely dry or raveled.
A tack coat should be us<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>