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CHAPTER1
THE CASE FOR PREVENTIVE MAINTENANCE

INTRODUCTION

Highway agencies throughout the United States face increasing demands
on the highway network and decreasing resources to maintain and
preserve it. The demand to “do more with less” has becdffte an Qperating
slogan for many highway agencies. Historically, emphasis ofhighwiay
agencies focused on new facility construction. However, with the
completion of the Interstate Highway system, the highway infrastructure
is largely in place. As the National Highway System, (NHS) is identified
restoration, rehabilitation and reconstructicin, (the 3R program) along with
preventive maintenancefis now(requited. Asshown on figure 1, the

percent allocation of fundsi@hiew route €onstruction fell from 24 percent

75 - |NNéew Route BWidening & Relocation A3R

50 A

25

Pergent of obligations

1989 1990 1§991 1992 1993
Year

Figure 1. Trends in Federal obligations by construction category.
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Figure 2. Percentage of kilometerage of capital improvements by

construction,category:

in 1989 to 14 percent in 1993.% Concurtently, allocations for restoration,
rehabilitation, and resurfacing (3R treatments) increased from 53 percent
in 1989 to 66 percentdn 1993. ™ 1993, approximately $5.5 billion was
obligated to the 3R treatments# Figure 2 demonstrates that of kilometers
of pavemeni§ receiving capital improvements, approximately 75 percent is
for systein preservation, a little over 20 percent for capacity additions, and
8 percent for new construction.”’ This distribution was practically
constanffrem 1989 fo 1993. Figures 1 and 2 demonstrate that highway
agendies are currently in a maintenance and preservation mode of
operation. This trend can be expected to continue into the foreseeable

futuzre.

Figure 3 shows the distribution of pavement conditions in the United
States in 1993.% The Federal Highway Administration (FHWA) estimated
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Figure 3. Distribution of pavement cofidition based on

functional classification.

maintaining this level of pavement gondition requires $50 billion annually;
eliminating the backlog of payement deficiencies would require $210 to
220 billion. However, the budget for highway operations, including traffic

services and maintenance, i8,only $27 billion annually.”

Clearly, under current policies and funding levels, we can expect further
detefiordtion in the quality of the nation’s pavements. Since funding
levels ate not likeliate significantly increase, highway agencies must seek

more cosbefféctive methods of pavement preservation.

Pavement preventive maintenance is a tool that has the potential to both
improve quality and reduce expenditures for pavement network. -
Preventive maintenance is based on the concept that periodic inexpensive
treatments are more economical than infrequent high cost treatments. As

popularized in the oil filter commercial, “you can pay me now, or pay me



later.” The potential for preventive maintenance to improve the cost
effectiveness of pavement preservation was recognized in the Intermodal
Transportation Efficiency Act (ISTEA). This was strengthened under the
National Highway System bill (Public Law 104-59-Nov. 28, 1995) which

states in Section 309:

A preventive maintenance activity shall be eligible for Federal
assistance under this title if the State demonstrates to the
satisfaction of the Secretary that the activity is a cost-effective
means of extending the useful life of a Federal-aid highwaij

Several efforts have recently been undertaken to increase the@warefiess of
pavement preventive maintenance in the United@tates. These include the
Strategic Highway Research Program (SHRP) studiés Pavement
Maintenance Effectiveness (H-101) and Irmovativei Material Development
(H-106) contracts, the FHWA Test and Ewaluation préjeets Surface
Rehabilitation Techniques (TE 9)g@nd Innovative Cjontracting Pfocedures
(TE 14), the National Cooperative Highway Reseafch Program (NCHRP)

syntheses, and efforts by several State highWay agencies.
|

DEFINITION (OF PAVEMENT PREVENTIVE
MAINTENANCE

Pavement maintenance is broadly identified as woFk accomplished to
preserveor extend the pavement’s service life unti;l major rehabilitation or
compléte reconstruction is performed. Pavement r;haintenance is classified
by function as either routine or preventive. Pavemjent preventive
treatments are surface rehabilitation and operationis applied to improve or
exterid the functional life of a pavement. O’Brien 4efines pavement
preventive maintenance as a program strategy intéjnded to arrest light

deterioration, retard progressive failures, and redu:ce the need for routine



maintenance and service activities.”

This definition includes treatments
that correct distress (such as crack sealing) if they also reduce the rate of

distress development.

Pavement preventive maintenancé treatments preserve; rather than
improve, the structural capacity of the pavement structure. Thus,
preventive maintenance treatments are limited topavements in sound
structural condition. In addition, in order to be effective, preventive
maintenance should be applied before pavements displays signifigafit
amounts of environmental distress such as raveling, oxidation, and block
cracking. To be cost-effective, pavement preventive mairfenance
treatments should be applied before most engineers, or project decision
makers would normally consider their use. 'Timely treatments prove to be

most cost effective.

One of the difficulties in describing arid developing a prevenﬁve
maintenance program is that the same pavement treatments can be used
for preventive, corrective, or emergen¢yimaintenance. As shown on
figure 4, the differences b¢tween preventive, cotrective, and emergency
repair is the conditiomof the pavement when the treatment is applied,
rather than the type of treatment, Fér example, if a surface treatment is
applied to a pavemefifin good condition, the function of the treatment is
to extent theBervice life ofthe pavement by sealiﬁg the surface and
protecting it fifom oxiflation. The same type of treatment may be applied
to corre¢t finor-to-moderate distresses and seal the surface. Finally,
under some conditions, surface treatments are applied to highly distressed
pavements @s an emergency measure to hold the surface together until a
rehabilitation or reconstruction treatment can be programmed. The

shaded areas between the different classifications of treatments indicate
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that there are no cleardbundaties between when a

versus corrective or correclive versus emergency.

Many agencies in thie United States have more agg
maintenance programs for loW=volume roads than
primary anfl interstate highways. For example, th
of Transpogtation (VDOT) predominantly uses 40-
primary and indesstate highways when they reach
VDOT assoeiates with failure. However, chip seal:
theéecondary roads on a time based schedule esta
prévent the distress development. A variety of rea
différence in the treatment of high-volume and low

including:

1. Traditionally, many of the available prevent
treatments were considered unsuitable for b
because of chip damage to vehicles, slurry s

Definitionof categories of maintenance.

treatment is preventive

ressive preventive

for high-volume

e Virginia Department
mm overlays on

a level of distress that
5 are programmed on
blished to delay or
isons explain this

v-volume roads,

live maintenance
ligh-volume roads
eals lack durability, etc.




2. In the past, lack of Federal aid for maintenance,‘ , encouraged
highway agencies to allow pavements to deteriorate sufficiently to
qualify for rehabilitation funded by Federal aid.

3. Lack of information on the performance and cost effectiveness of
preventive maintenance practices on high-volume roads.

4. Desire of the highway agencies to minimize driver exposure to
roadway operations and lane closures.

Another hindrance to the development of effective pavement preventive
maintenance programs in the United States is the result of the budgéting
process for many State highway agencies. Legislative allocatigns
frequently specify fixed budgets for capital improvementéind opefation.
Operations generally include all of the activities required t0 keep a
highway functional, such as signing and festriping, Bnow removal,
mowing, etc., in addition to maintaining the pavement. When
circumstances require responsive activitiesi(for examiple snow removal) in
excess of the anticipated levels, pavemént maintenance Budgets are
compromised. Since the consequericés,of deferring preventive
maintenance do not immedidtely affect pavement quality or the traveling
public, preventive maintelidnce is oftefiithe first activity cut when budgets
are tight. This budg@tiig process has been a major deterrent to the

development of effective pavernent preventive maintenance programs.

PAVEMENT PREVENTIVE MAINTENANCE TREATMENTS

Several types of treatments can be used for preventive maintenance.

Examples for flexible pavements include:

e Conventional treatments crack treatment, fog seal, chip seal, thin
hot-mix overlay (both dense- and open-graded), thin cold-mix
treatment,

¢ Emerging treatments stone matrix asphalt, Novachip, very thin
and ultra thin overlays, micro-surfacing.

7



Except for crack treatments, each of the treatments for flexible pavements

provides a new wearing surface.

There is a lack of consistency in the terminology used to describe
pavement maintenance techniques. For clarity, the following brief

d_efinitions' describe the terms as used in this workbook:

e Crack treatment an application of a sealing material direcfly into
the cracks in the pavement surface. For flexible pavements; the
crack should be routed or prepared to ensure that@ufficient seales
can be applied to the crack and that proper depth of sealing is
achieved.

e Fog seal an application of bitumen sprayed directlyion the surface
of the existing pavement. This treatment provides new bituminous
materials to enrich the surfage of the pavement.

e Chip seal treatments constructed with a spray application of
binder immediately covered by a single layer of one-sized
aggregates. Chipiseals@an be placed in either single or multiple
layers. |

e Thin hot-mix overlays Similar to conventional overlays except the
thickness is40 mm or less. Gonventional construction methods are
used. Gengrally thin hgt-mix 6verlays can correct surface
irregularities\which canmot be corrected with most other types of
preveittive maintenande, Thin hot-mix overlays are generally
categorized by thelfype of aggregate gradation used in the mix
such as'dense, open or gap-graded. Stone matrix asphalt is an
example 0f.a gap-graded hot-mix overlay with relatively thick
dsphalt film$and stone-to-stone contact.

¢ Thin cold seals treatments composed of emuls1on and aggregates,
mixed at the job site in specially designed trucks, and placed on the
existing surface. Slurry seals and micro- surfacmg are examples of
thin cold seals.

Fewer preventive maintenance options are availabjle for rigid pavements.
The first option is to maintain the joint seals in the pavement and seal

other cracks as they develop. Voids under the pavement can be filled with



a grout material. There have been some applications of retrofitting jointed
reinforced pavements with dowel bars at mid slab when there is an
excessively wide transverse crack. Some engineers include grinding and
partial depth patching as preventive maintenance treatments. Thin, cold
applied materials such as slurry seals and micro-surfacing are gaining

acceptance for maintenanee on rigid pavements.

An effective pavement preventive maintenance program must include the
periodic application of the preventive maintenance treatments, as
demonstrated in figure 5. This program can be a mixture of various
preventive maintenance treatments. For example, Mesa, Arizona’é
preventive maintenance program uses a fog seal 3 and 6 years aftet
construction or rehabilitation. In the eighithdyear& fubber-asphalt crack
sealer is applied to all cracks. In the ninth yeas, either a chipiseal or slurry
seal is placed on the pavement. This sequence of ttéatments generally
proves to be the most cost-effective for Mesa‘’s hot-mix asphalt pavements,

given their hot-dry climate and traffi¢ levels.

PAVEMENT CONDITIONS AND PREVENTIVE
MAINTENANCE

Theseed for preventive maintenance of equipment is well understood.
State highwaylagencies rgutinely maintain their fleet of vehicles and
equipment using a preventive maintenance schedule to identify when a
planned maintenance activity to each vehicle is due. Oil changes,
lubrication, and filter changes are done in advance of any problem with
the vehicle all with fhe intention of prolonging thé service life of the
vehicle. Inspections identify needed repairs before they contribute to a
serious problem. Generally, it is understood and accepted that

maintaining the vehicle is more cost-effective than waiting for serious
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Figure 5. Conceptual performange of preventive maintenance

fféatments.

|
failures and major repairs. Thisprogram has proven to maximize the

cost-effective useOf fleet equipment,

Pavement preventive maintenance is designed to maximize the cost-
effectiveriessiof pavementpreservation. One of the questions raised by
highway agercies evaluating the development of a pavement preventive
maintendiiee program is, “At what level of distress should a preventive
taifitenance treatment be applied?” There is no singie answer to this
question, and research is still being performed to better answer the
question. Peterson states, “Timing is crucial in preventive maintenance: it

should be performed before a failure occurs.”” Waiting to maintain a

pavement until after a failure occurs is analogous to scheduling oil

changes based on the amount of oil a car burns.

10



There are several types of pavement distresses that contribute in different
ways to pavement failure. Some distresses can be corrected with treatments
used for preventive maintenance treatments, while in other cases the
treatment would serve as a corrective or emergency treatment. Flexible
pavements with structural distress such as fatigue cracking are not good
candidates for preventive maintenance. Other distresses such as
-weathering and raveling can be completely corrected with a preventive
maintenance treatment. General statements about the applicability of
pavement preventive maintenance treatments to other distress£ypes are
problematicél. In some cases the treatments may be effective, Whiledn
other cases little or no benefit may be realized froin the tréatment, For_
example, if ruts are the result of an initial densification of the pavement
following construction, then a preventive maintenance tfeatment that fills
the ruts with a stable material may be effective. ‘O the other hand, if the
ruts result from an unstable asfhalt mi¥%, themtopical fieatments will not
be effective. The key point is thatimorder to be éffective, an engineering
approach is necessary for the selection, design, and construction of the
treatment. There are evenyfSituations where gealing the pavement surface

can accelerate the deyelopment of pavement distress.

The goal of a pavemeént preventive maintenance program is to provide
smdoth High quality facility users expect. This is done by applying
engingering critériaifor determining when, where, and what treatments
are cost-effedtive under different conditions. This requires understanding
the mech@nisms that deteriorate the pavements. Preventive maintenance
treatments'§hould then be selected and designed to counteract the effect of

these deterioration mechanisms.

A program of periodically maintaining a pavement surface mitigates

many of the environmental distress mechanisms. However, this
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intervention must take place before excessive deterioration of the
pavement occurs. Thus, the greatest benefit of preventive maintenance is
achieved by placing the treatments on sound pavements that have little or

no distress.

PREVENTIVE MAINTENANCE AND PAVEMENT
MANAGEMENT

The ISTEA legislation permits the use of Federal funding for préventive
maintenance treatments on the Federal Aid Interstate Systend "Thiglis a
major change in Federal policy and indicates cong%essional recognition of
pavement preventive maintenance for preservatiob of the transportation
infrastructure. However, to qualify for funding, Sjtate highway agencies
must demonstrate, through a pavement managemjent system, the cost-
effectiveness of the payement pievéntive maintenejmce treatments. This
requires developing engifieering knowledge that ﬁreventive maintenance
both extends the life of the pavement, provides be#ter performance, and is
more economical than other strategies for maintaiﬂ\ing pavements.

Pavement management systems provide a structure for the collection of
|

the required information.

IMPROVING PAVEMENT PERFORMAI\?TCE

The sfiajority of treatments for flexible pavements involves sealing the
existing surface and providing a new wearing surfiace for traffic. Thisis a
logical approach to preventive maintenance of ﬂeﬂjcible pavements, as
weathering and other environmental damage are ﬁrimary factors leading
to premature failure of flexible pavements. Periodic renewing of the

surface preserves the pavement structure.
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There is generally a lack of information that guantifies the improvement in
pavement performance achieved with preventive maintenance programs.
There have been several studies of the cost-effectiveness of preventive
maintenance. Peterson evaluated the effectiveness of pavement
maintenance strategies for a NCHRP synthesis in 1981.° Darter et al.
reported on the cost-effectiveness of maintenance and rehabilitation
procedures.” Sinha reported on the effectiveness of maintenance
treatments based on experience in Indiana.®® O’Brien completed a
NCHRP synthesis of “Evolution and Benefits of Preventiyé Maintéhance
Strategies” in 1989.” Geoffroy is currently surveying thé practiées of@tate
highway agencies for NCHRP Project 20-5, Topic 26-10, “Cost-
effectiveness of Preventive Pavement Maintenance”.t"\Chong and Phang
reported that routing and sealing of transverse ¢facks may extend
pavement life by four years in Ontario, Calada.”” Sharafand Sinha
reported Indiana pavements thatdverécrack sealed in the fall require less

2

patching after the winter.

Geoffroy conducted agillifvey of 60 highway agencies on the benefits of
preventive maintenfiice."” Tablé\1 presents the mode (most frequent
observation) of Observed increase in pavement life for different treatments
reported by Geoffroy. The#@sults of this survey were based primarily on
dbserved performiance of the pavements rather than from data from a
pavement management system. As noted in table 1, the frequency of
applicafion for trefltments other than crack éealing and thin hot-mix
asphalt concrete overlays is 5 to 6 years, with a corresponding extension of
effective pavement life. Geoffroy did not request information on the
condition of the pavement either when the preventive maintenance

treatments were placed or when the treatments were taken out of service.
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Table 1. Observations of preventive maintenance performance.

Treatment Pavement age at Frequency of | Observed increase
time of first application in pavement life
application (yr.) (yr.)

(yr.)
Crack filling 5to6 2to 4 2to4
Single chip seal 7t08 5to6 5to6
Multiple chip seal 7t08 5to6 5to6
Slurry seal 5t0 10 5to6 St06
Micro-surfacing 9to 10 5to6 5406
Thin hot-mix 9to 10 9to 10 7to8

overlay

The cost-effectiveness of preventive mainteéfiance is demonstrated through
a hypothetical example. This/@xample évaluates the application of
different preventive maintefiance programsusing assumed performance
curves and improvemfientsin pavément quality resﬁlting from the

application of a pféventive mainteniarice strategy.

Effectiveness, the area inden@l pavement condition versus time curve
(figure 6), is'a measure of benefits resulting from different pavement
treatiment strategies. Figure 7 shows the relative effecﬁveness of placing,
at diffefent tinies, a single preventive maintenancel: during the life of the
padement. For example, the effectiveness of placirj;g a treatment at year 5
“is'about 1,700. Figure 7 shows the most effective ti@e to place a single

treatment is in year 11.
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Figure 6. Definition of pavement effectiveness.
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Figure 7. Effectiveness of placing a single preventive maintenance

treatment.
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Figure 7 represents a single application of a preservation treatment.
Preventive maintenance treatments should be repeatedly applied.

Figure 8 demonstrates the effectiveness for repeated periodic applications
of preventive maintenance treatments. The X axis on figure 8 is the
frequency of the application of the pavement preventive maintenatice
treatment, e.g., the effectiveness of placing a treatment every 4 yearsis
about 2000. Increasing the interval between treatments reduces fhe area
under the pavement condition curve, as can be seen on figure 5. ‘An
analysis of treatment applications based on pavement conditionrather

than time demonstrates similar results.

Although the curves in figure 8 appear relatively flat, ther@is.asignificant
improvement in the effectivenesg of the pavement:s when compared to a
“do nothing” strategy, i.e., a period ¢fR0 years Dehween treatments.
Applying preventive maintenance every five years produces an

effectiveness of 1960, ¢compated to an effectiveness of 1550 for the

—

2000 -

15004

1900,

Effectiveness

500 +

0 : : : |
0 5 10 15 20

Time between preservation treatments (years)

Figure 8. Effectiveness of treatments placed at periodic times.
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conventional strategy, and indicates an improvement of 26 percent.
Applying the preventive maintenance treatments whenever the PCI
reaches 85 is also 26 percent more effective than a single rehabilitation

strategy.

Effectiveness is only half of the consideration for a préventive
maintenance program; cost must also be considered. Generally the cost-
to-effectiveness ratio is used to determine the advantages of one option
over another. Since the preventive maintenance programs are
periodically performed, the life-cycle cost of the treatments muft be
estimated and discounted to their present value. In additifin, treatffient
cost depends on the pavement condition at the time of treatient. Fox
example, the relative costs in table 2 were used to‘estimate the cost-

effectiveness of alternative treatments.

Figure 9 shows the cost-effectivighess rafio of ffeatmentSiplaced at
different time intervals. Since cost-¢fféctivenessi§ a measure of the cost
per unit of effectiveness, a lowygwalue is‘desirable. Figure 9 demonstrates
that the placing treatmentg at frequencies of Sito 10 years is four to five
times more cost-effectife than reconstricting the pavement. The cost-
effectiveness analysis for the roathwitii a higher traffic growth rate is less
than the cost-effectiveness for the road with the low traffic growth rate.
This i dueto thefact thatthe high traffic growth road serves more traffic
for a fixed cost'of treatmeént and thus the effectiveness is greater, thereby

decreasing the cost-to-effectiveness ratio.
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Table 2. Relative costs used for example analysis.

Pavement age when Relative cost for placing | Total Relative
treatment is placed each treatment Cost to
Maintain
4,7,10,13,16,19 0.75 450 €

59, 13,17 0.85 3.40
6,11,16 0.95 2.85
7,13,19 1.10 3.30
8,15 1.20 240
9,17 1.50 3.00
10,19 2.00 | 4.00
11 2.50 2.50
13 3.00 | 3.00
15 5.00 5.00
17 7.00 7.00
19 12.00 12.00

Cost
Effectiveness
w

0 5 10

Figure 9. Cost-effectiveness of preventive

L

15 20

Time between tre%tments

placed at different times.
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In this example, the cost-effectiveness of the:preventive maintenance
program is 3 to 6 times better than the cost-effectiveness of reconstruction.
While the pavement performance model and the costs used in this
example were hypothetical, information in the literature supports the
resulting numbers and conclusions. The New York DOT reported a cost=
effectiveness ratio of 3.65 for preventive maintenance as compared to 4
“do-nothing” strategy.” In this study, a preventive maintenance strategy
of sealing cracks every four years and placing a 40-mm overlay.at years 12
and 24 was compared to a do-nothing approach and recopSfructing the
pavement after 24 years. Sharaf et al. reported in a study'of thé United
States Army Corps of Engineers that placing chip sealsat the properdime

was 4 times more cost-effective than sépairinga deteriorated pavement.”

IMPACT OF PREVENTIVE MAINTENANCE

Given proper engineering analysis and material mix design, preventive
maintenance treatments are cost-effective and provide a more uniform
riding surface with gofd skid resistanee for the traveling public.
Currently, pavements are treated with corrective maintenance until they
deteriorate to the point ofirequiring either a structural overlay or
reconstructiorn. Due to funding pressures, the overlays are often not thick
enoughyto fully compensate for the structural damage caused to the
pavement priofie the overlay. Consequently, optimum life of the overlay

may not be attained.

The benefit of a preventive maintenance program to a highway agency is
that it can maximize the performance of the structural section by
effectively deferring the need for more expensive reconstruction and

rehabilitation. Extending the previous example, assume a highway
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agency has pavements with the distribution of pavement conditions given

in table 3.

For these pavements, a performance model was used to compute the
deterioration of the pavements and three preservation strategies were

analyzed as shown in table 4.

Figure 10 shows the average condition of the network over time for each
of the strategies. Strategy A uses preventive maintenance@fidprovides
the best overall condition. The dip in the condition at year 10 i6 the result
of not considering a uniform budget distribution dver time'in the analysis.
Using a pavement performance model, the average femaininggérvice life
for each strategy was computed afinially®ased on the condition of the
pavement and assuming no further wotkover the life 0fithe pavement.

The analysis demonstrates the prewentive maintenance program increased

Table 3. Distribution of pavement conditions

used in example analysis.

Pavement @ondition Index | Percent of Network

100 to 90 10

8910 80 10

791070 15

69 to 60 15

59 to 50 .15

49 to 40 15

39 to 30 10

29to0 .10

20



Table 4. Strategies used for the example analysis.

Strategy Program
A Preventive maintenance when the pavement reached 80 PCI,
rehabilitation of pavements when PCI was 40, and reconstructionsof
pavement when the PCI was less than 20.
B Rehabilitation of pavement when PCI was 40, and reconstruction
pavement when the PCI was less than 20.
C Reconstruction when the PCI reaches 20.

100 +

Pavement Condition Index

Strategy C [

F

10 15 20
Years

e 10. Average pavement condition for preventive maintenance,

rehabilitation, and reconstruction.

3
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the remaining life relative to the other strategies, as shown on figure 11.
At the start of the analysis, the remaining life of the pavements in the
network (based on their initial condition) is 6 years. With the preventive
maintenance program, the remaining life increases to 14 years after about
4 years. There is a decrease in the remaining life of the network after'6
years due to the rules used for the selection of treatments. In realityfthe
highway agency would spread the work out and a steady-state condition

would develop.

Figure 12 shows the cumulative costs of the three strateégies. Jfitiallg, the
costs for the preventive maintenance strategy arefhigher than the other
two options. However, as the network quality improves, the €ost of the

preventive maintenance program decreases, Preventive maintenance

keeps pavements in good condition, deférring the need for rehabilitation

and reconstruction.

|—StrategyA - -Strategy B - -StrategyC!

Hemaining Life

0 f { }
0 5 10 15 20
Years

—_—

Figure 11. Remaining life estimate for prev#ntive maintenance,

rehabilitation, and reconstructioﬂ%t options.

|
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Cumulative Cost

0 } + } |
0 5 10 15 20
Year

Figure 12. Comparison of different pavement preservation Sifategies.

These figures demonstrate that preventive fhaintenance treatments are

- effective at both improving the Guality 0f the pavements and reducing the
costs of pavement preservation. For this analysis, the preventive
maintenance program wass0 peteent and 60 percent more cost-effective
over the 20-year analysis period than sirategies B and C, respectively.
These ratios aré lowerthan compiited for the previous example due to the
need to perfOrin rehabilifafipfi and reconstruction projects on deteriorated
pavements. Thisexample simulates what a highway agency could expect

from implementing a preventive maintenance program.

SHRP MAINTENANCE EFFECTIVENESS RESEARCH

The effectiveness of preventive maintenance treatments was studied in the
Strategic Highway Research Program Project H-101 Experiments SPS-3

(15)

and SPS-4 for flexible and rigid pavements respectively."” During the

SPS-3 experiments, test sections were constructed with:
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e Chip seals,

® Crack seals,

® Slurry seals,

¢ Thin hot-mix asphalt overlays, and

e State supplemental sections using
- micro-surfacing,
- plant mix seals,

- open-graded frictiorn courses, and

- chip seals constructed to Staf@specifications.

During the SPS-4 experimenits, crack sealihg, joint Tealing, and

undersealing of rigid payemeniwere studied. Retrofit of dowel bars was
|

included as a StateStipplemental Séction. The details of these experiments

are summarized in the appendix, ‘

Sections were selected to'reépresent a range of traff{c, environment, and
pavement condifiens. Three levels of pavement cclinditions were included
in the expériment: good, fair and poor. Because of time limitations, the
perfafmance of the test sections has not been fully evaluated. The FHWA
is @ontinuing the evaluation of the test sections. Tl"te FHWA established
techniical work groups (TWGs) to assist with the assessment and
implementation of the SHRP products. In addition, the TWGs are
supported by expert task groups (ETGs) who provide hands-on expertise
at the field level. The ETGs have performed field fvaluations in each of
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the four regions to gather information on the early performance of the test

sections and treatments.

Field reviews of the sections by the ETG have identified several key

observations. Some general performance-related findings were: *

e The pavement sections on which preventive maintenance
treatments have been applied have generally out-performed the
associated control sections (i.e., sections that received no
treatment).

e A specific treatment’s performance is generally related fo the
condition of the pavement at the time the treatment was applied.
Treatments applied to pavements in good condition have good
results... The treatments themselves are performing well. They
appear to have bonded to the padeient afithto have iniproved the
pavement’s functional condition.

e State supplemental treatments, such as‘wiero-surfacing and
polymer-modified clfip sealsfappeared to be performing well.

e Sections treated with slurty seals perforimbetter when the
treatment had been applied foa pavement with few cracks. In
cases where the ghvement was already cracked, the cracks reflected
through the thin slurry seal.

e  Cracked‘pavement sections freated with chip seals are performing
bettegdthan sections treated with other treatments.

e Thin asphalboverlays performed better than the other treatments
i, pavements in, relatively poor condition.

o Joint and cratk seals applied to portland cement concrete
pavements are performing well. Long-term pavement performance
data may not be available for several years.

e No significant information is available on undersealing
applications of portland cement concrete pavements.

The essence of the early message from the SHRP preventive maintenance
research indicates that preventive maintenance treatments can be

effectively applied to high-volume roads. Success depends on:
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e Proper selection of pavements to receive the treatment, based on
the amount and type of distress.

e Proper material mixture design and specifications for the
treatments.

¢ Good construction practices.

Objective data on the test sections have been collected since the timé of
construction, and the FHWA is continuing this effort. A data analysis
contractor will continue the objective evaluation of these testsections
under a FHWA contract. The challenge now is to extend this con¢ept to
the practices of State highway agencies and promote pavemérit preventive

maintenance.

SUMMARY

Current funding for highway pgse¥iation is ibt adequate for preserving
the quality of the pavemenis/Unless thegeis a change in the way
pavements are maintained, the éandition of pavemfents in the United
States will continue(fo deteriorate." Pavement preveintive maintenance is a
tool that can extend the pavement life in a cost-effective manner.

Evidence is. accumulating thatfthe concept of “pay me now or pay me
later” is applicable to pavement preventive mainterﬁance, and the highway
mndusiry needs to adopt this strategy for the preser\;fation of pavements.
Severalétudieshave shown that pavement preventive maintenance is

threé to five times more cost effective than a “do nothing” strategy.
The objectives of this document, and the workshop it supports, are to:

¢ Describe the need for pavement preventive maintenance,

o Increase the awareness of the importance of pavement preventive
maintenance and the need to properly evaluate pavements for
preventive maintenance treatments,
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* Present information on the materials and techniques used for
preventive maintenance, and

e Present a summary of the different treatments used for pavement
preventive maintenance.

In support of States’ interest in applying and evaluating pavement
preventive maintenance treatments to NHS pavements, the FHWA ca
provide technical assistance to State highway agencies under proje
Pavement Maintenance Materials and Treatments (TE-27) and Sur
Rehabilitation Techniques (TE 9). For further informatio ’
Office of Technology Application (HTA-21), Washingto 0

the local FHWA division office. :
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CHAPTER 2. ENGINEERING A PREVENTIVE
MAINTENANCE PROGRAM

INTRODUCTION

This chapter presents preventive maintenance as a significant activity of
the highway agency and one that deserves attention in the engineeting
and design process. The elements of engineering a prevehtive

maintenance program are:

1. Selection of pavement sections that will benqﬁt from preventive
maintenance treatments,

2. Design of the preventive maintefiance treatifients)
3. Quality control of the preventive maintenan%te construction, and

4. Monitoring the performance of the preventi\J(e maintenance
treatments.

Each of these steps ié discussed il detail for the various preventive
maintenance treatients described in this workbook. The purpose of this
chapter is to/present an overviéw of the factors and considerations that

|
should go into engineering a preventive maintenance program.

| |
SELECTION O PREVENTIVE MAINTEI#IANCE

TREATMENTS 1

The preventive maintenance treatment selected for a section of pavement

should consider the condition of the existing pavement, the traffic
volumes using the pavement, and the environmental conditions. Other
factors managers must consider include experiencé with treatments,

budget constraints, political reality, etc. But the iniitial key engineering,

s
|
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traffic, and environmental conditions should be considered and
documented. Research to date has not produced detailed rules for
selecting one treatment over another for high-volume, high-speed

highways. However, some general guidelines can be presented.
Existing Pavement Condition

Pavement condition should be evaluated with respect to distress,
sfructural capacity, roughness, and skid resistance. Pavement distresses are
flaws in the surface condition of the pavement. Structural@apacity refersto
the ability of the pavement to carry the anticipated traffi¢ loadd:

Roughness is defined as variations in the longitudifiah profile of the
paVemeht surface that affect ride quality. Skid resistapee is an irtteraction
between the vehicle tire and the pavement surfdee, The pavement’s
contribution to skid resistance is a functionef surface texture and is

particularly important insreducingWes weathebaccidents.

The number one rule for selecting a preventive maintenance treatment
based on pavement coriifion is that only pavements in reasonably good
-structural conditiofi are candidates {0 preventive maintenance. -
Preventive maffllenasie treatments can be used to improve non-load-
associated Qistresses, roughiiess, and skid resistance. The structural
pendition of a paement can be assessed by surface distress evaluation

and analysis of defléction data.

The stirface of the pavement can be evaluated with a standard distress
evaluation method such as that developed as a part of SHRP or local SHA
distress condition manuals."? The types of distresses defined in the SHRP
Distress Identification Manual for the Long:VTerm Pavement Performance

Project are identified in table 5, along with potential actions.
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Table 5. Flexible pavement distresses and candidate preventive

maintenance treatments.

Category of distress | Type of distress Potential actions
Cracking Fatigue cracking Not a candidate for preventive
maintenance
Block cracking Thin cold treatment, chip seal, thin
(low to moderate) hot mix overlay
Edge cracking Crack treatment
Longitudinal cracking Crack treatment
Reflection cracking at Crack treatmerit
joints
Transverse cracking Crack treatiment
Patching and Patch/Patch Deterioration | Extensively patched pavefnents are
Potholes not good candidatesifor preventive

maintenance

Pot holes Pobhole pavements are not good
candidates for preventive
maintenarice

Surface Defects Rutting
- Densification of Fill rut$ with micro-surfacing or
paverment strip chip seal, then thin cold
treatment or chip seal

- Unstable asphalt Preventive maintenance cannot

concrete repair problem

Shoving Unstable pavement, not a candidate
for preventive maintenance

Bleeding Sand seal, chip seal, micro-
surfacing

Polished aggregate Thin cold treatment, chip seal, thin
hot mix overlay

Raveling Fog seal, thin cold treatment, chip

seal, tqm hot mix overlay

Load-associated fatigue cracking of flexible pavements indicates a lack of

structural capacity. Fatigue cracking develops in tﬁe wheel path in

progressive stages.
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Figure 13 shows severe fatigue cracking. The distinction of the craéking
occurring in the wheel path is important, as other non-load associated
longitudinal cracks such as ones at the original construction joint can
occur. Early stages of fatigue cracking propagate as longitudinal cragks in
the wheel path. Atthe low-severity level, fatigue cracks have no or few
connecting cracks. If there are any signs of 1spalling or sealing of the
cracks, they should not rated as low-severity. Moderate fatigue cracks are
areas of interconnected cracks forming a complete pattern; cracks maybe
slightly spalled; pumping is not evident. High—severity cracking has
moderately or severely spalled interconnected cracks fbrming a complete
pattern; pieces may move when subjected to traffic; pumping may e
evident. Sealing of a high-density crack does not change the rating of the
crack. Since preventive maintenance treatments ¢annot ¢orrect a
structural deficiency, pavements with fatigiie cracking are not good
candidates. However, adlimited@rea ofithe fatigue cracking can be
repaired with a full-depth patch and a préventive maintenance applied to
renew the pavement surfage. Forexample, a local drainage problem that
has weakened the pavement in a smallarea can promote fatigue cracking
in the area. If the dvainage problém is repaired, the fatigue crack can be
repaired, aid & preventivemaiftenance treatment can be applied over the

entire area of thesection.

Block crackifig,is the'result of volatilization of the asphalt cement in the
pavement surface. As the lighter hydrocarbons evaporate from the
asphalt, the volume of binder reduces and the asphalt becomes stiff and
brittle.\ Block cracking is a pattern of cracks that divides the pavement
into approximately rectangular pieces ranging in size from 0.1 to 10 m”.
Low-to-moderate-severity block cracking can be treated with actions that

renew the pavement surface, such as thin cold mix treatments, chip seals,
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Figure 13. Sewere fatiguécracking.

and thin hot mix overlayss Low-8everity block cracking has cracks less

than 5 mm wide. Pavements with medium to high-severity block cracking

are not candiddtes {or preventiveé maintenance.

The other forms of cracking do not occur in aerial patterns; they are
is0lated and random in nature. Due to the nature of edge, longitudinal,
transverse, and reflection cracks at joints, crack sealing can be an effective

treatinent for sealing and filling these cracks.

Pavements with extensive patches and potholes are not good candidates
a for preventive maintenance. As with fatigue cracking, limited
k deteriorated patches and potholes can be repaired prior to applying a

preventive maintenance treatment.
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Rutting is permanent deformation in the wheel path as shown in figure 14.
There are several mechanisms that can contribute to rutting. However,
the primary causes are either densification of the pavement structure
under traffic action or instability of a layer material. If rutting is the result
of densification, then the depth of the ruts will stabilize after a period of
time. This type of rutting can be filled. The surface of the pavement canbe
renewed with a surface seal such as a thin cold mix treatment, chip geal, or
thin hot mix overlay. On the other hand, if the rutting is the result of an
‘unstable layer, then preventive maintenance is not suitablefor répairing
the distress. The lack of stability of the layer can be the fesult offan
improper mix design or stripping.of the asphalt birider from the

aggregates. The unstable layer should be removed and replaced.

Figure 14.  An example of rutting.
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Shoving is a longitudinal displacement of a localized area of the pavement

surface. It should be removed and replaced with a full-depth patch.

Bleeding is the migration of asphalt cement to the surface of the pavement.
Insufficient voids or excess binder in the asphalt-bound layers contzibutes
to bleeding. Stripping can also lead to bleeding as the asphalt that
debonds from the aggregates is free to come to the pavement surfaée; this
is frequently accompanied by rutting or shoving. If stripping is suSpected
as one of the mechanisms contributing to a bleeding problempthe
pavement should be cored and the samples inspected gr testeddor
stripping. A surface seal will not repair a stripping probleri,” Frequently,
bleeding occurs in the wheel paths. Micro-surfacingiand safithes@hip
seals can be placed on pavementsith low*to-moderate-severity bleeding.
In all cases, care must be taken in seleétihg the amount of binder used in
the treatment, as there is already excess asphalt on the surface of the
pavement. Other treatments fan be applied, as well. However, there may
be a tendency for them to peel off the surface as th¢ film of bleeding
asphalt may preventgood bonding with the existing surfaée. High-
severity bleeding Should be milled off prior to placing a preventive

maintenancg treatment.

The SHRP disttess identification manual identifies polished aggregate as
the f8sult of wearifig away of the surface binder to iexpose coarse
aggreghte. Othiepmanuals define polished aggreg%te as a reduction in the
surface texture of the aggregate due to traffic acfiorjl. In either case, any of
the preventive maintenance treatments that renew the pavement surface
are good candidates. Since the polished aggregate;surface generally has

low skid resistance, a fog seal should not be applied.

Raveling is caused by dislodging of aggregate particles and loss of asphalt

binder. This is generally associated with oxidation of the pavement
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surface. Low severity raveling can be treated with a fog seal. Moderate-
to-severe raveling can be treated by'renewing the pavement surface or the
combination of a fog seal and one of the other treatments. When a fog seal
is applied to a dense-graded asphalt concrete surface, a light application

of sand should be applied to provide skid resistance.

If structural capacity is a concern, and the pavement is not displaying
fatigue cracking, an engineering evaluation of the pavement needs {0 be
performed. Procedures for performing a structural evaluatiomef.an
existing pavement are described in various pavement deSign publications,
such as the AASHTO Guide for the Design of Pavement Struttares of by

contacting the State pavement design engineer.””

Roughness of the pavement surface can be corrected with either thin cold
mix treatments or thin hot mix overlays. Amanalysis of the ADOT
pavement management data bagé demonstratedhthat thin open-graded
friction courses could improve foughness to levels that are usually

associated with construction of @ structural overlay.””

Traffic

As described i chapter I, traditionally preventive maintenance
treatments havenot been applied to high-volume, high-speed roads in the
UnitedStates. Many State highway agencies even limit application of
chiip seals fo pavements carrying less than 1000 to 5000 ADT. Tradition
not withstanding, there is evidence now that preventive maintenance
treatents can be applied to high-volume, high-speed highways.
However, care must be taken in the choice of pavements to receive the
treatments and in their design and construction. For example, if a chip
seal is applied to a high-volume, high-speed road, care must be taken to

determine the proper amount of chips, calibrate the chip spreader to place
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the design amount, and control traffic speeds during the initial curing
period. Without these precautions, chips can be dislodged from the
pavement surface, reducing the effectiveness of the treatment and

potentially causing vehicle damage.

In traditional pavement design, the pavement materials and layer
thicknesses are selected to provide sufficient structural capacity togarry
the anticipated traffic. Since preventive maintenance treatments are not
structural elements, the thickness of the layer is not designed.in the
traditional sense. However, the ability of the surface td resist wear
abrasion of the traffic must be considered. Generally, the alirasion
resistance is related to the mix design of the treatment. In orderf6ra
preventive maintenance treatmentito be effective on a high-volume, high-
speed highway, materials must be properly selected and mix design must
be carefully performed and implemented ih, the construction process. This
is equally valid for cofimonly/ used ¢hiip seals, The equivalent of the mix
design process for chip seal§ s the deterfilination of the binder application

rates and the aggregatesize, properties, and appliéation rate.

Traffic volumes afé also impogtant during the conétruction of the
treatment, Most préventive miaintenance treatmen;Lts need a curing period.
The construgtion plans and specifications need to ijdentify the type and
diiration of thetraffic control, both during the con%truction and the curing
period, Théwraffic'control plans should conform t(%) the requirementé set
forth in the Manual on Uniform Traffic Control Dej‘vices or similar

reguirements of the SHA.

Environment

To a large extent, preventive maintenance treatments are designed to

mitigate the damage that results from environmental conditions. Periodic
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renewal of the pavement surface provides several benefits. The two most

important with respect to pavement performance are that it:

e Seals the pavement surface, preventing water from penetrating into
the pavement structure, and

* Provides a new pavement surface controlling the effects of
oxidation, raveling and surface cracking.

Environmental conditions remain fairly consistent over time. Henge, the
maximum time between preventive maintenance treatmentsshould be
based on time rather than on the amount of traffic the pAvement@arries.
For example, a chip-sealing program may specify placing tréatments
every 7 years unless the pavement conditions indicate at an easlief fime

treatment is required.

Other Considerations

Construction is one of the most important considerations in determining
the quality and life of a preventive maintefidnce treatment. The
treatments describedfi thi® reportican be broadly classified as either
conventional or enjérging treatmients, Highway agencies are familiar with
the construction of the conventional treatments. However, since these
treatment$ Were traditionalljf limited to low-volume roads, there may be a
tendency to notBe as precise in the construction of the treatments as will
be requiréhfor highsspeed, high-volume roads. For example, one of the
majorfroblems that has limited the use of chip seals to high-volume roads
is\the possibility of vehicle damage due to loose chips. Loose chips can
resulf from several factors that can be con&olled in the design and
construction process. During design, the exact quantity of aggregate
required to cover the pavement without excess can be determined. For
construction the design chip application rate is frequently increased to

allow for waste and inaccurate dis,tribution; of the chips. Hence, the
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probability of loose chips is increased. The quality of the chip sealing job
can be improved by accurately calibrating the chip distributor and
constructing the treatment with a minimum of wastage. This not only
increases the quality of the treatment, but also decreases the probability of

vehicle damage by loose chips.

DESIGN OF PREVENTIVE MAINTENANCE TREATMENTS

The steps in the design of a preventive maintenance treatmentare:

e Selecting the type of treatment based on
- condition of existing pavement
- traffic loading
- environmental conditions

¢ Determining the mix design forghe selectefhireatment:
- type of binder |
- aggregate characteristics ;
- quantitiésiof bificler and\aggregates

e Developing construction specifications.

Mix design refers tgthe selectiort 0f the binder, agg%regates, and their
relative proportiofns for durability and economy. For example, for hot mix
asphalt con¢rete, theréare several well established mix design methods
such as the Fiyeem and Marshall methods. The SHRP SUPERPAVE
piocedure may bécome a standard in the future.“® For other treatments,
such as chipiseals, the mix design procedures are in various states of

devélopment and acceptance. For other methods, such as fog seals,

published guidelines and rules of thumb provide a starting point for
estimating the quantity of asphalt. Guides for the cilesign of surface
treatments are published by several trade organiza%tions such as the
Asphalt Institute, International Slurry Seal Association, and the Asphalt

Emulsion Manufactures Association.
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Once the preventive maintenance treatment is designed, the quality of the
treatment depends on the ability to the agency to communicate the design
to the contractor and enforce the requirements through specifications and

acceptance evaluation. This topic is discussed below.

DESIGN OF A PREVENTIVE MAINTENANCE PROGRAM

As defined in chapter 1, a preventive maintenance program consists of a
series of preventive maintenance treatments that are appliedstesthe
pavement over time. A single preventive maintenance freatmenit will
improve the quality of the pavement surface and extend thefpavement
life. However, the true benefits of pavement preventive maifitenafice are
realized when there is a consistent@theduldifor performing the preventive
maintenance. The preventive maintendfiee program cén‘include a variety
of preventive maintenance treatments. Forgkample, crack sealing may be
performed biannually, with refiewal of the pavement surface performed

~ every 5 to 6 years..

QUALITY CONTROL OELREVENTIVE MAINTENANCE

Regardlesgiof the effort put info the design of a preventive maintenance
treatment, the @ventual performance of the treatment is greatly dependent
ont th@guality of eohstruction. Under quality management concepts, the
quality6f the fféatment can only be controlled by the constructor. The
higliway agency can monitor the quality and adjust pay factors, butit is
up {0\ the personnel placing the treatment to “build in” the quality. The
agengy develops specifications that define the rules that the contractor
must comply with during construction. There are three distinct types of

specifications:

e Method,
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e End-result, and

e Performance.

Method Specifications

Historically, specifications were instructions from the design engineer o
the field personnel on the steps, materials, and equipment required for the
successful completion of a project. These are sometimes referred {0 as
means and methods specifications. These specifications aremeasonable
when both the designer and construction personnel wére employees of the
highway agencies. However, when the designer and constfiiction
personnel are employed by different organizations, as is the'semiinon
practice for capital improvements{Work, nieans, and methods
specifications have severe limitations#{Fhe primary ptoblem with means
and methods specifications occurs when the contrafptor follows the
instructions in the specifigatidns but'ddes not achieve the desired product.
For example, a contractor mayfollow all'the specifications with respect to
compaction equipméht, fithe of tolling, etc., but majty not achieve the
required densities. With mea and thethods specifications, the highway
agency musf continitipusly monitor the constructioh quality and make
recommengations to thecontractor on adjustments? to the construction
process. Meansand methods specifications split thie responsibility for
quality between the'contractor and the highway agiency. Recognition of
the lifnitations of means and methods specification§ has led to the
development of end-result specifications. Howeveji‘, the transition to end-
result specifications is in the early stages and a great deal of highway
construction is still accomplished under means anc? methods

specifications.
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End-result Specifications

As indicated by the name, end-result specifications identify the properties
of the desired product. The means and methods of achieving the desired
product are left to the discretion and expertise of the contractor. For
example, end-result specifications for a hot mix overlay may define the
required density, air void percentage, aggregate distribution, and aéphalt
content. Itis then left up to the contractor to develop and implement a
scheme that can achieve the required quality. Therefore, thementractoh
must take responsibility for quality control testing. Thelagency/s
responsibility is limited to quality assurance testing to verify the reliability

of the contractor’s quality control test.

Implementation of end-result specifications is'a faajor step forward since
the contractor is clearly assigned the responsibility for'quality. However,
the ability of end produet specifications to ensuire good quality pavement
is limited by the highway ageficy’s abilifyo identify properties that will

ensure long ‘pavement life. In'Gther words, the highway agency is still

accepting the respofisibility for the performance of the pavement.

Performance Specifications

The next step inythe development of specifications is to assign the
contfastor respongibility for the pavement performance. In other words,
the conttactor Would warranty the quality of the pavement for a specified
timé period following construction. This is analogous to product
wagranties provided by manufactures. For example, an automobile
purchaser may be concerned with ride quality and acceleration. The
manufacturer designs the suspension and engine to deliver the desired

performance. Then to ensure the automobile will perform at the desired
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level for a certain period of time, the manufacture offers a warranty that

limits the consumers’ maintenance cost liability.

With respect to pavements, a performance specification would place the
responsibility for the design, construction, and performance of thé
pavement on the contractor. The highway agency specifies a performatice
period, quality levels, and limits on the time the pavement may pé closed
for maintenance. In other words, the highway agency has switchied from
purchasing pavements with certain physical propertiesd@ puféhasinga

pavement that provides a specified level of quality over a pefiod of time.

MONITORING THE PERFORMANCE OF PREVENTIVE
MAINTENANCE TREATMENTS

Since preventive maintenance programs have noﬂj been extensively used
for high-volume, high-8peed roads, ibis importan‘rt to monitor the
performance of different tteatments. Usually these data can be collected
within the scope of@pavement management sysTem. Data that should be
collected for evaluating the effectiVeness of a pre\‘(entive maintenance

program in€lude:

e As-built data for the existing pavement, thickness, and material
type of gach layer.

¢ . Traffiedata, both historical and loads applied to the treatment,
including the number of 80 kN equivalent single axle loads.

¢ Condition of the pavement prior to the preventive maintenance
treatment and periodically afterward.

s Design features of the preventive maintenance treatment such as
the material type and thickness of the layer or application rates.

e As-built construction data.
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Many preventive maintenance treatments involve new or emerging
technologies. When these treatments are applied, there should be a
program of more intensive evaluation of the performance of the
treatments over time. This should include a detailed survey of pavement
distresses prior to application of the treatment as well as subsequent
periodic evaluations. The SHRP pavement distress evaluation procediire

should be used for these treatments."®

When a new type of treatment is
used, extra care should be taken to document the quality of the
construction. For example, during the construction of oné of the SHRP
test sections, the slurry machine ran out of binder and depositéd loosg
sand on the pavement surface. Even though the confractor ¢leanedip the
construction site before correctly plaging the treatment, the section failed
prematurely. The researchers believed that this failiue was related to the
error in the construction process rather thar 2 systemic problem with

slurry seals. If a highwa ageng# Had Stich an experience, it could

incorrectly lead to the rejection of slurry seals since the “experiment”
failed.
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CHAPTER 3. MATERIALS FOR PREVENTIVE
MAINTENANCE

INTRODUCTION

Selection of materials for a preventive maintenance treatment is critical to
the success of the treatment. This chapter presents background
information on the materials used for asphalt treatments.” Much of this

information is compiled from industry literature.””

BINDERS FOR PREVENTIVE MAINTENANCE

Asphalt residue (cement) is the primary Binder used {01 preventive
maintenance treatments, Asphdlf éément istsed directly for hot mixed
treatments. To facilitate application, asphalt cements are made into
emulsions or dissolved in solvénts to produce cutbacks. Emulsions have
wide applications jfi preventive maintenance treatments. Cutbacks are
equally effective; however, environmental restrictions limit their use.

Cutbacks ate not considered fiirther in this chapter.

Asphalt Cement

Asphalt cemeént.is a high-molecular—weight hydrocarbon. Asphalt cement
exighs In nature, such as the Trinidad Lake Asphalt. However, asphalt
- cement used for highway construction is predominately produced by
refining crude oil. The refining process removes lighter-molecular-weight

hydrocarbons from the oil by distillation. Depending on the

characteristics of the crude oil, the asphalt cement may be the direct

product of distillation, “straight run” asphalt. In some cases, it may be
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necessary to use solvent extraction to remove low-volatility components

to produce the final asphalt cement.

Asphalt is a viscoelastic-thermoplastic material. Increasing temperature
changes asphalt from a solid to a liquid. Asphalt cements are
characterized by their consistency or their ability to flow at different
temperatures. Consistency describes the viscosity of asphalt at a spéeific
temperature. The sensitivity of asphalt cemént to temperature requires

use of standard temperatures for all tests of asphalt cementroperties.

Asphalt cements are graded based on consistency, which cande evaluated
with either penetration or Viscosity. The standard penetrafion test s
conducted at 25°C and absolute visgbsity méasured at 60°C for
determining the grade of asphalt. Therglare two Viseesity grading
methods for asphalt cement; the sample can either be tested before
conditioning for the ACgrading method or it may be conditioned in the
thin-film-oven for AR grading. |

Penetration tests arefierformed ornitihconditioned asphalt cement. The
grades used for pavement construiction are 40-50, 60-70, 85-100, 120-150,
and 200-300, (The gradeédesignation gives the acceptable range of

penetration testiresults.

AC grading,is based on the viscosity of the unconditioned asphalt
cement® The grAdes are AC-2.5, AC-5, AC-10, AC-20, AC-40, and
sometimes AC-30. The numerical values indicate the midpoint of the
requited absolute viscosity range in hundreds of poises. The allowable
tolerance is plus or minus 20 percent of the midpoint, e.g., an AC-20 must

have a viscosity in the range of 1600 to 2400 poises.
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Since heating the asphalt cement for blending in a hot mix plant can
significantly alter the asphalt cement characteristics, the other grading
method uses a conditioning method to simulate mix plant hardening. For
asphalt residue (AR) grading, the rolling thin film oven procedure
conditions, or ages, the asphalt cement before measuring the viscosity:
The grades are AR-10, AR-20, AR-40, AR-80 and AR-160. The numefical:
value indicates the midpoint of the required viscosity range in hunidreds
of poise. The allowable tolerance is plus or minus 25 percent e.g., an AR-

40 must have a viscosity in the range of 3000 to 5000 poiSes.

In addition to meeting the consistency requiremefits fora particular grade,
the asphalt cement must meet other specifications as showriin tables 6, 7,
8 and 9.”” Tables 7 and 8 are for AC gradés. Bora given grade of asphalt,
table 8 requires higher kinematic viscosifijhand pehetration than table 7.
ASTM provides no guidance ong¥hich table should be selected. The AC
grades specify a maximusm allowable viseosity for samples conditioned
with the thin film oven (TFO) procedure. Iyaddition to these
specificatibns, all agphalt cements must be at least 99 percent soluble in

trichloroethylene.

The SHRF asphalt researdiideveloped a new method for performance
grading of asphalt cement. The performance grading method was
developed, for hotmix asphalt concrete design. Its only application for

preveritive mainténance is for mix design for thin hot mix overlays.
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Table 6. Penetration graded asphalt cement
specifications (AASHTO M 20-70).

Test Penetration Grad
40-50 60-70 200-300
Min. | Max. | Min. Min. | Max.
Penetration at 25° C 40 50 60 200 300
- (0.1 mm)

Flash point (C) 232 232 177

Ductility, 25° C, 100 100 100

5 cm/min (cm) o

~ TFO Samples
Loss on heating (%) 1.0 13 | 15
Penetration of residue 54 50 46 40




Table 7. Viscosity grading system unconditioned
asphalt (AASHTO M226-80).

Grade | Viscosity - | Penetration* | Flash Point* | Tests on TFO Samples
Absolute | Kinematic' °C Absolute | Ductility
(poises) (cSt) Viscosity (cm)
(poise)
AC25 | 250850 | 80 200 163 1000 100
AC-5 500+100 110 120 177 2000 100
AC-10 | 1000£200 150 70 219 4000 | 50
AC-20 | 2000+400 210 40‘ 232 5000 20
AC-40 | 4000+800 300 20 232 16000 10

* Specification is for the minimum acceptable valiles,

Table 8. Viscosity grading specifications unconditioned

asphdlt (AASHTO M226-80).
Grade Viscosity Penetration®{ Flash Point* | Tests on TFO Samples
Absolutel | Kinematic* °C Absolute | Ductility
(poises) (cSt) ‘ Viscosity {cm)*
(poise)
AC-2.5 | 250+50 125 220 163 1000 100
AC-5 | 500£100 175 140 177 2000 100
AC-10 1000200 250 80 219 4000 75
AC-20 | 2000+400 300 60 232 8000 50
AC-30 | 3000+600 _ 350 50 232 1200 40
AC-40 | 4000+800 400 40 232 16000 25

* Specification is for the minimum acceptable values.
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Table 9. Aged residue grading system (AASHTO M226-80).

Grades Viscosity Penetration* | Flash Percent Ductility*
Absolute | Kinematic* Point*® Original
(poises) (cSt) °C Penetration*
AR-10 1000250 140 65 205 - 100
AR-20 2000+500 200 40 219 40 100
AR-40 | 4000+1000 275 25 227 45 75
AR-80 | 8000+2000 400 20 232 50 75
AR-160 | 16000+4000 550 20 238 52 75

* Specification is for the minimum acceptable values

@ Speciﬁcdtion is for the asphalt cement before rolling thin filnt even conditioning for the
AR grade asphalt cements. All other specififations gfefor condifioned samples.

SHRP binder specifications #late fufidamental binder properties to pavement
performance. Note that the SHRP\Specifications,use the term asphalt binder
referring to asphalt cement with or without the addition of a non-particulate
organic modifier. Perfofinance grading @fasphalt binders requires more
complex testing tham the fraditional grading procedures. Since these

specifications afe §fill in anifhplesfientation phase, they are not presented here.

AsphaltEmulsions

Asphalt emulsions afegymanufactured by physically breaking asphalt cement
down info micron size globules and mixing them into water containing an
emulsifying agent. Emulsified asphalt typically consist of about 60 percent to 70
percent aSphalt residue, water and a fraction of a percent of emulsifying agent.
Mixing the emulsion with aggregates or spraying it onto pavement causes the
asphalt globs to come together forming the binder. The separation the asphalt

cement from the water is referred to as breaking or setting.
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Asphalt emulsion types reflect the charge of the emulsifying agent, the rate of
setting, the viscosity of the emulsion, and the viscosity of the base asphalt. The
charge of the emulsifying agent can be either cationic (positive) or anionic
(negative). Emulsions are produced with rapid, medium, and slow set times.
Two viscosity grades of emulsions are produced. Viscosity describes the ability
- of the emulsion to flow; a low-viscosity asphalt flows more readily thazf@ high®
viscosity asphalt. The viscosity of emulsions is measured with the Saybolt-Furol
test, which determines the amount of time required for an emulsion to flow
through a standard orifice. Finally, high-float emulsions a#e produced thatare
chemically modified to permit a thicker asphalt film on the aggfegate particles

with a minimum probability of drainage.

There are several possible combinations of efmulSion types, However, not all
possible combinations of emulsions are produced. AASHTO M140 and M208

specifications cover the emulsion typésshowrirtable 10.

Asphalt emulsion names are cgded to describg the type of emulsion. For
example type CSS-2h is af@ationic Slow Setting high viscosity, -2, emulsion with
a hard base asphalt.

In addition to the emulsion typesidefined by ASTM, there are a variety of State
and manufacture specifications. Frequently, these have variations on the
standard coded names. For example QS-1 is used for most slui‘ry seal and micro-
surfacing applidations.” Since there is no ASTM or AASHTO specification for
these méferials, the CALTRANS requirements are presented in table 11 as an

example. Polymer modified emulsions are usually identified by a “p” at the end

of the code name.
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Table 10. Emulsion types defined by ASTM.

Type Charge | Setting Rate | Viscosity Saybolt- Asphalt Grade
Furol Range Penn. Range
RS-1 | Anionic Rapid . 20t0100 100 - 200
“RS-2 Anionic Rapid - 100 - 200
MS1 | Anionic | Medium 20 to 100 © 100-209
MS-2 Anionic Medium 100+ 100 - 200
‘MS-2h Anionic Medium 100+ 7 4090
HEMS-1 Anionic Medium 20 to 100 - 100-200
HFEMS-2 Anionic Medium 100+ 100 - 200
HFMS-Zh .| . Anionic Medium ‘100+ 40-90
HFMS-2s | Anionic Medium 50+ 200+
S5-1 Anionic Slow 20 10 100 100 - 200
85-1h | Anionic Slow 20 to 100 40-90
CRS-1 Cationic Rapid ' 20 6,100 100 - 250
CRS-2 Cationicg'| " Rapid 100 to 400’ 100 - 250
CMS-2 Catiorjie. | Mediifa 50 to 450 100 - 250
CMS-2h Cationic Mediuin 50 to 450° 40-90
CSs-1 Cationic Slow 20 to 100 100 - 250
CSS-1h Cationie Slow 20 to 100 40-90
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Table 11. CALTRANS Specifications for quick set emulsions.

Type Anionic

Cationic

Grade Qs1 QS1h

CQS1 CQS1h

Properties min. [ max. [ min. | max. | min. | max. | mi§ jmax

Test on Emulsion

Viscosity SEF@50°C, (sec) | 15 90 15 90 |

15 90 15 90

Sieve Test (%) 0.30 0.30 0.30 0.30
Storage Stability, 1 day (%) 1 1 1 1
Residue by Distillation, (%) | 57 57 574 57
Particle Charge Negative Negative Positive Positive

Tests on Residue from
Distillation Test

Penetration, 25° C (0.1 dam) | 100 7200 40 90

100 | 200 40 90

Ductility, 25° C (cm) a0 | 40

40 , 40

Solubility (%) 97 97

97 97

As the ndines indicate, thediteaking time of emulsions depend on the type

of emulsion (rapid, medium, or slow). However,

there are no

specifieations on the setting times due to the influence of environmental

factors on the setting rate. In general, factors that

promote rapid

evaporation reduce the setting time of an emulsion, i.e., high temperature,

low, humidity, and windy conditions reduce set time. Under favorable

conditions, rapid set emulsions may set in several minutes while slow

setting emulsions may take 4 to 6 minutes. The set rate can also be altered

with admixtures. For example, portland cement i

anionic emulsions to speed the setting time.
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The amount of emulsions used for a particular application can be specified in
terms of the residual asphalt, the amount of emulsion, or the dilute asphalt. The
residual asphalt is the actual asphalt content of the emulsion. Frequently, for
ease of construction, emulsions are diluted with an equal amount of water. In
this case, the contractor measures the quantity of dilute emulsion placed during
the construction. This quantity must take into account the asphalt contefif'of the
emulsion and the amount of water used for dilution to achieve the dgsired

residual asphalt content.

Since most aggregates have either positive surface charges (such 4§ limestone) or
negative charges (such as siliceous aggregates), theydend % bé compatible with

anionic or cationic emulsions, respectively.

BINDER MODIFICATION

Many types of asphalt ad@itives (modifigts) are available to improve the
properties of asphalt or add special propertiés to the asphalt concrete mixtures.
Laboratory tests are usually perfofimed and field performance is observed in
order to evaluate the effect of the additives and justify their cost. The effects of
using additives should be carefullys evaluated for their cost effectiveness.

Rubber has been used m asphalt@oncrete mixture in the form of natural rubber,
SBR, SBS, or regyeled rubber. Rubber increases elasticity and stiffness of the mix
anBhincreases borid between asphalt and aggregates. Ground tire rubber can be
added todhe asphalt'¢ément (wet method) or added as crumb rubber to the
aggregatés (dry méthod). In the wet method, the rubber is mixed with the
asphaif at high temperatures to chemically and physically bond the rubber
particles "with the asphalt cement. The asphalt binder is then used for spray
applications, such as chip seals, or as the binder in a hot-mix asphalt concrete.

Plastics have been used to improve certain properties of asphalt. Plastics used
include polyethylene, polypropylene, EVA, and PVC. They increase the stiffness
of the mix, thus reducing the rutting potential. Plastics also may reduce the
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the stiffness of the mix, thus reducing the rutting pogrtential. Plastics also
may reduce the temperature susceptibility of asphalt and improve its

performance at low temperatures.

Antistripping agents improve the bond between aséhalt cement and

aggregates, especially for water susceptible mixtures. Lime and portland
|

cement are the most commonly used antistripping afgents.

AGGREGATES FOR PAVEMENT MAINTENANCE
TREATMENTS |

!
|

The performance of pavement maintenance treatmﬁnts is ver§ dependent
on the quality of the aggregates. There are standatdspecificationsénd
tests to evaluate and define the required charactens?{tlcs for the aggregates.
The quality of aggregates is a function of their shapjé, texture, toughness,
gradation, absorption, and affinity for asphalt. 1

|
Particle shape is important for determifiihg how thé material will pack
into a dense configuration. There are two comideragtions in the shape of
the aggregate -angularity and flakéness. Crushing lrocks produces
angular particles with sharp edges arid corners and a rough texture. Pit or
bank-run aggregates thay have subangular or rounded shapes with little
texture. Angular aggregates with a rough texture are best for pfeventive
maintenance. Many specifications require a minimtim percentage of
aggregatesiwith crushed faces as a surrogate shape and texture
tequifement. For example, micro-surfacing specifications call for 100
percent crushed aggregate from the parent rock. Flakeness refers to the
relationship between the largest and smallest dimensions of the aggrégate
particle. Flakey and elongated aggregates are undesirable sincé they are

difficult to compact.




Gradation describes the particle size distribution of the aggregates. Gradation is
evaluated by passing the aggregates through a series of sieves and determining
the percentage passing each sieve. Aggregate distributions are described as
dense, gap, one-sized, and open, as shown on figure 15. Dense-graded
aggregates have a distribution that maximizes the unit weight of the agghegate
mixture. On standard semilog gradation paper, dense-graded aggregates have
an “S” shape. Gap-graded aggregates are missing one or more of thé aggregate
sizes. Some treatments require gap-graded aggregates to provide rogmin the
mixture for the binder. One-sized aggregates are predomirfantly sifigle size:
Their distribution is nearly vertical as most of the aggregates pads one@ieve but
are retained on the next sieve. One-sized aggregate§ are reguired for £hip seals.
Open-graded aggregates have a high void content; they\do not have fines

(material passing a 0.075 mm sieve) that would filbthe voids.

For asphalt concrete, the size of the aggregatesmsed in the mix are frequently
specified by the size of the largest aggregate in the mix. Two terms are used to
describe the size of the largestaggregate: the maximum aggregate size or the
nominal maximum aggiégate size. The maximum aggregate size is the size of
the smallest sieve that passes 100percent of the aggregate. The nominal
maximum aggrégate §ize is the largest sieve that retains any of the aggregate, but
generally nof hore than 10peifent. For example, a 12.5-mm maximum
AAggregate would completely pass through the 12.5 mm sieve. On the other hand,
a 12.5-mmmeminal maximum aggregate would have 5 percent of the material

retained©n the 12.5 mm sieve.

Porous aggregates absorb asphalt, resulting in a dry mix with poor cohesion
unless the amount of asphalt is increased to compensate for absorption. Because
increasing the asphalt‘ content increases the cost of the mix, highly porous
aggregates are not normally used unless they possess other qualities that

compensate for the increased cost.
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Stripping, separation of the asphalt film from the aggregates through the action

of water, is a major problem with pavement performance in the United States.

An aggregate’s affinity for asphalt should be evaluated
process. Several test methods are available for evaluatis
- These include the immersion compression (AASHTO 1¢
procedure (AASHTO 283).

100
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CHAPTER 4. FOG SEALS

INTRODUCTION

This chapter presents the proper techniques for fog sealing with respect fo
material selection, design, and construction.’ Variations of fog seals, sfich
as the use of rejuvenators, will also be discussed. A fog seal is a light
application of diluted asphalt emulsion without an aggregate cover. Fog

seals are used to:

] Renew old asphalt surfaces,
. Seal small cracks and glirface yoids,
J Address raveling of chip seals;and open-graded surfaces on

high-volume roadsgand
. Maintain and delineate shouldérs in high-volume roads.

On high-volume roafls, fog seal is uged mostly to address raveling of
open-graded frigtion courses and to provide delineation between the
traveled way @and shoulder. The use of fog seal on high-volume roads
with dense-graded asphalt concrete surfaces is potentially hazardous
because friction maypbe initially reduced until traffic wears some of the
asphalt off the Siface. During this time it is desirable to reduce traffic

speed and be prepared to apply a light sand coat.

PAVEMENT CONDITIONS FOR FOG SEALING

Fog seal is used only where the existing surface is sufficiently porous to

absorb a substantial amount of the emulsion. Fog seals are generally
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applied to pavements displaying low to moderate Wf/veathering or raveling.

Fog seals are used on both low- and high-volume r

oads. Fog seals should

never be applied to a pavement that has low skid resistance or an unstable

asphalt concrete as indicated by rutting or shoving;

DESIGN CONSIDERATIONS

Materials

The material used for fog seal is an anionic or cationic slgiy or medium

setting emulsion diluted with water. The water is addgd to th€ emuylsion

to reduce the viscosity of the material, allowing bejtter control of

application rate and penetration of the emulsion in
voids. When the fog seal is used to'seal the'should

found it desirable to use a sterilent with the emulsi

growth.

A sand cover may also be tused to improve surface

to fine cracks and small
er, some States have

on to control weed

friction. The sand may

be spread over the entif@Burface, or it may be usecl to treat local areas,

such as near intersections, where skid’resistance or
emulsion is a@oncern, If the fog seal is placed on 2

course, the sand coating Should not be required.

Application Rate

The apiplication of the binder is usually 0.45 to 0.7
emutsion. Heavier applications can adversely affe

high'end of the application range is used for sever

|

- tracking of the

in open-graded friction

liters/m?2 of dilute
ct skid resistance. The
ely weathered

pavements. A spray temperature of the emulsion between 20 to 60 C is

recommended.®
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CONSTRUCTION CONSIDERATIONS

Pavement Preparation

The pavement surface needs to be thoroughly cleaned before applying the
fog seal. This is best accomplished with a power broom. The pavement

surface should also be dry before the fog seal is applied.
Weather Conditions

The fog seal should be applied when the temperature of the pavement

surface is above 16 C and there is no threat of rain. Under adyérse
weather conditions, such as low temperature and high humidity, the road
may need to be closed to traffic for several hours after applying the fog

seal.?”

Equipment

The main piece of equipmerit tised for fog sealing is the asphalt
distributor, as shown in figure 16. ‘Miscellaneous equipment is also
needed such as powgét brooms to clearhthe surface before applying the fog

seal.

Construction Process

The cofistruction of fog seals is rather simple. After cleaning the surface of
the existifig pavément, the diluted emulsion is sprayed using the asphalt
disthiflutor. The distributor should be calibrated prior to each project. The
proper application rate should be used. Over-application must be
avoided to prevent asphalt pickup by vehicles and slippery surface. If an
excess emulsion is applied, a light dusting of the affected area with a fine -

sand may remedy the problem.
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Figure 16. Spraying fog seal materiahwith an

|

!

iasphalt distributor.

Traffic should be rerouted tntil the emulsSion has Cgtlred significantly.

Under favorable condifiofis, 2 ta Bhours are usualll

Inspection and Acceptance

y sufficient.

Proper méferials and constrfiction procedure should be used in order to

ebtain good perfermance. Before work begins equip’ment should be

checkedite, make sufe it is in good working conditi

on. Nozzles should be

clean diid at the correct angle, the spray bar should be at the correct

height, and the pump should be set at proper pressi:ure‘ The application

rate of the spray bar should be calibrated prior to each use. Calibration is

performed using pre-weighed metal trays or sheets of heavy paper to

determine the amount of emulsion per unit area. To ensure uniform

application, this process is repeated in both longitudinal and transverse
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directions. The asphalt distributor should be driven at the appropriate

speed determined to apply the correct amount of emulsion.
Specifications

Typical State specifications include description, materials, applicatior
rates, construction requirements, weather conditions, method of
measurement, and basis of payment. For example, the Arizona
Department of Transportation requires that when the types and grade,of
bituminous material are not specified, the contractor shoald Turnish
emulsified recycling agent with certain deéignation. The matefial shall be
diluted with one part water to two parts emulsified tecycling agent;
Blotter material should be applied tg the treated surface at a timme specified

by the engineer and before opening to the traific.

PERFORMANCE

Fog seals are intended to reduce the oxidation of the pavement surface
and seal minor surfagé eracks. Thelife of the treatment depends on the
condition of the pavement whesi the treatment was placed, the amount

applied, and fhe'envirenmental ¢onditions.

LIMITATIONS

Fog seals must hiot be applied to pavements with large cracks, low skid

resigtance, rutting, shoving, or structural deficiency.
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VARIATIONS

Rejuvenators

Rejuvenators are generally materials applied to the surface of aged asphalt

pavements. They rejuvenate the surface, reduce raveling, coat strip

surfaces, and may reduce crack development.

Rejuvenating materials can be classified in two groups. The firs

- proprietary materials that are sold by their trade r
group fits within general specification limits suchgas
recycling agents by the Pacific Coast Conference ;
or materials that have been defined as "a fine-pa:
water emulsion of a selected blen‘f fo A

maltenes.”*®

Similar to fog seals, r uie skid hazard if applied

excessively. They shou e pavement: contains excess
asphalt, is distorted, / or shows signs of instability, or is

structurally deficiérit as may be indicated by alligator cracking.

62




CHAPTER 5. CHIP SEALS

INTRODUCTION

The objective of this chapter is to present the proper techniques for chip
seals (also called surface treatments, seal coat, or armor coating) with
respect to material selection, design, and construction. Variations of ¢hip
seals are also described. These include modified binders, single, double
and triple chip seals, precoated aggregates, sand seal, sanflwich seal, and

cape seal.

. A chip seal is a sprayed application of asphalt binder immediately
covered by a layer of one-sized aggregate. "The ghip seal course provides a

new wearing surface. Chip seals provide several benefits, such as:

] Waterproofing thé surface,

. Sealing small cracks,

. Protecting the origihal surface from solar radiation, and
. Improving the suface friction.

Chipisealing hasbéen used for many years on low-volume roads.
Recently, chip seals have been used by many States on roads with traffic
volumié greater than 5,000 vehicles/lane/ day. However, in spite of its
bengfits, chip sealihg has not been widely us%ed for high-volume highways
iny‘the United States. Reasons limiting the uée of chip seals on high-

volume roads include:
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. The possibility of loosing chips and damaging vehicles,

. Lack of performance data,
o Relatively short performance life, and
J Variable life expectancy.

If chip seal is not properly designed and constructed, several problems
can develop. Windshield damage may occur if the chips are not
adequately embedded in the asphalt, or if excess stonés are not swept, or
if traffic speeds are not controlled during the initial uring{period. Other
problems include increased tire noise, prolonged traffic controlduring
construction, flushing, streakingslue to non-uniform binder application,
and potential for premature failure. Jt is also'difficult.or expensive to

obtain one-sized aggregate needed for lohg lastiﬂg chip seals.

The use of chip sealing on high-volumie roads Has increased in recent

years. A recent study showed that 10 Stages use chip seal on high-traffic

facilities.*®

SHRP EXPERIENCE

Chip sealinig was one of the treatments applied 1n the SPS-3 experiment of
SHEPy, Preliminaty observations of these section% indicate that, when
propérly cohstructed, chip seals can effectively irhprove the condition of
the existing pavement and extend pavement life. However, the
performance of the chip seal treatments in the SHRP research was highly
variable. About 1/4 of the sections failed prema’turely, particularly in the
western States. The premature failure of these sections may have been the

results of the low binder rates used in the construction of the sections.
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The H-101 researchers recorded several observations about the design and

construction of chip seals such as:

1.

No uniform design is used for chip seals, and no best
procedure has been identified by research. However, factors
that should be a part of this deszgn have been identified. They
are listed below.

Embedment of aggregate should be included in chip seal
design to help determine the size of aggregate to be used.

Applying too much aggregate, or asphalt, is as bad or werse.as
not applying enough.

Upper, as well as lower, (ambient) temperature limifs showld |

be included in the specifications.

Slightly damp chips seemed to work better than dry or wet

- chips. (Applies only to emulsion biridersh

Asphalt distributors are not being ¢alibrated for irapsverse
application rate, and shouldsbe. The cutrent ASTM procedure
for asphalt distfibutor cflibrationyis labovious and needs to be

- simplified.

Many pavementszoould e benefited if we were able to
apply a diffefent asphalt application rate in the wheel paths
than betwéen the wheel gaths. This is possible through the use
of diffexent size nozzles.

Gliip spreaders thiatyld€k the aggregate backward reduce
aggregate rollover and reduces pickup of the aggregate on
tires. Thechip spreader in one region was a variable width
type machinie, One half of the width had a plate that kicked
the aggregate forward, while the other half had a plate that
kicked the aggregate backward. The aggregate that was kicked
backwards would fall vertically with little or no horizontal
velocity and were therefore not susceptible to rolling. The half
width that was kicked backwards generally looked better than
the side that was kicked off of the forward facing plute and
experienced less pickup on tires.

Chip spreaders are not being calibrated for longitudinal and
transverse application rate. The chip spreader calibration
procedure developed at the University of Reno is simple and
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effective for both longitudinal and transverse rates. (Chip
spreaders should be calibrated both longitudinally and
transversely.)

10. Many different rolling patterns, from one pass only, to five or
seven passes, are used.

11. The amount of time after rolling, but before opening the
surface to traffic seemed important in hot weather.

12. Requiring reduced speed for at least one hour, either by
posting speed limits or through the use of pilot vehicles,
seemed to reduce loss of chips.

PAVEMENT CONDITION FOR SUCCESSFUL
APPLICATION

Since chip seal does not add to the structurabgapability of pavement, the
existing pavement has to be structuralljssound in'ozées to obtain a long
performance life. If needed, the®@xisting pavement has to be repaired,
patched, and allowed t0 éuré before applying the chip seal. The existing

surface has to be clean.

Since chip seals follow the original profile of the pavement, they do not
correct surfa@e irrégularities. Chip seals cannot be used on pavements
with mofe than 10 to15masi of rutting. Aggregates in the ruts cannot be
fully compaciéd, and cleaning loose aggregate from the rut with a power
broommwill dislodge the aggregates from the non-rutted area. If the
surfate haslight-to-moderate bleeding, the binder application rate should
be reduced. Pavements with high severity bleeding are not good

candidates for chip seals.

66




DESIGN OF CHIP SEALS

Binder Selection

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 aggrégates.
Emulsion is also preferred over cutback because of environmental

requirements and the slight saving in cost. -

Aggregate Selection

The aggregates used for chip seals should be one size 0f about 9.5t 12.5
mm in order to provide good stability and maxigfimm contact with tires.
Cubical particle shape is preferred for the §ame reasons. Also, aggregates
should have good resistafice to alirasion, polishing, and degradation in
order to resist traffic wear and impact and provide maximum friction

resistance.

Table 12 presents the ASTM D1489 requirements for aggregates used for

chip seals.
Application Rate

Before conBtuction, tHe chip seal has to be designed in order to find the
targetdpplication rates for both asphalt binder and aggregates. Both
mathematical and laboratory procedures are available for designing chip
seals, Application rates are controlled to produce a pavement surface one
stone thick with enough asphalt to hold the aggregate in place, but not so
much that it will bleed. It is desirable to fill the voids between aggregate
particles about two-thirds to three-fourths With asphalt. After rolling, an
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Table 12. Specifications for aggregate used for chip seals.

LA abrasion 40 percent maximum
.Two crushed faces 60 percent minimum
Sodium sulfate soundness 12 percent maximum
Magnesium sulfate soundness 18 percent maximum
Clay lumps and friable particles 3 percent maximum
Flat or elongated pieces 10 percent maximiiin

(for AASHTO sizes No. 5, 6 and 7)

embedment depth of aggregate into the asphalt fili of 504678 Percent is
typical.””

Table 13 shows typical application rates for aggregateand asphalt
emulsion as a binder.#®” Sindilar rates are ‘teéeommended by ASTM
D1369. Note that when the aggregate nominal size decreases, both |
aggregate and binder.guantities decrease. “The material quantities shown
~ in table 13 should‘be adjusted based,on local experience, road condition,
specific grayity of aggregate, and aggregate precoating. The table also
assumesan aggregate bulkdpecific gravity of 2.65. If the specific gravity
is outside of the range of 2.55 and 2.75, the amounts of aggregate shown in
the table should be multiplied by the ratio of actual bulk specific gravity
to 2.65. Inad@ition, the table shows ranges of aggregate gradation and
1465 of materials. If the aggregate has a gradation on the fine side of the
specified range, a binder rate closer to the lower limit of the quantity
range should be used. If the existing surface is flushed, the quantities
shown in the table should be reduced by 0.04 to 0.27 liters/m’. For
absorbent surfaces the quantitieé should be increased by 0.14 to 0.40

liters/m>*"

68




Table 13. Typical quantities of aggregate and emulsion for

single chip seal applications.

Nominal Size of | AASHTO | Quantity of | Quantity of Type and Grade of
Aggregate Size No. | Aggregate, | Asphalt, Asphalt
, kg/m’ liters/m’”

19 to 9.5 mm 6 v 22to 27 1.6t02.0 Asphalt Cement
1.8t02.3 RS-2, CRS-2
12.5 to 4.75 mm 7 14to 16 09to14 Asphalt Cement

141t02.0 | RS-1 RS-2, CR&-1, CRS-2

9.5 t0 2.36 mm 8 11to 14 0.7to 1.1 Asphalt Cement

09to1l.6 [\BS-1, RS2, CRS1, CRS-2

4.75 t0 1.18 mm 9 8to 1l 0.5t0 0.7 R®S-1, MS-1, CRS-1,
HFMS-1

Sand AASHTO 5 to8 0.5 t00.7 RS-1, CRS-1, MS-1,
M-6 HFMS-1

The values in table 18 are general estimates of the quantity of materials
required. A rather simple laboratery procedure can directly estimate the
required amount of aggregate 4nd asphalt. The aggregate is spread over
_anarea of 1 m2%’ A 1m x 1 m x25mm pan can be used for this purpose.
Aggiegate is placedhin the densest condition anticipated to exist in the
field. The wéight of the aggregate needed to cover the pan with a single
layer©f aggregates equals the required weight of the aggregate to be used
in the field in kg/m?2. The pan is then carefully filled with water until the
surfageof the water comes just to the top of the aggregate. The volume of
water is determined and approximately two-thirds 6f that volume is the

quantity of asphalt residue required in the field.
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CONSTRUCTION CONSIDERATIONS

Pavement Preparation

Before applying the chip seal, the condition of the existing pavement has
to be surveyed. Most old pavements need some patching and removal of
excess asphalt before chip sealing. Damaged areas must be patchedd@iid
wide cracks sealed. The chip seal should not be placed until all of the
asphalt used in the repair of the section has thoroughly cured.
Immediately prior to construction of the chip seal, the pavement mhust be

cleaned with a power broom.

Weather Conditions

Many specifications require the air teniperature b&at least 10°C before

chip sealing begins. Some require the roadhsurface temperature to be

above 20°C before wolk Btartd” Air femperatiizes of 40°C or higher may
reduce the bonding of the aggtegates due to rapid breaking of the
emulsion. Chip sealifig sliould fiéver be started when the surface is wet or

when it is threatefiing to rain,

Construction Process Methoflology

The constructioh sequence for a chip seal is:
J Clean surface with a power broom.
° Apply binder with a calibrated distributor truck.
. Apply cover aggregate when the binder is tacky.

o Roll the aggregate to embed in the binder.
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J Allow binder to set.
. Clean excess aggregate with a power broom.

Equipment consists of trucks, asphalt distributor, chip spreader,
pneumatic (rubber tired) rollers, steel-wheel rollers, and power brooms.
Sufficient trucks must be available in orde;f to ensure continuous
operation. There must be enough rollers to immediately roll the

aggregates behind the spreader without délaying the operation.

The asphalt distributor consists of an insulated tank, asphalt plimp@pray
bar and nozzles, bitumeter wheel, and coﬂtrols as illustrated in figure
17.%Y Most distributors are equipped witha heating system that'will
maintain the asphalt at the proper spray temperature, The asphalt
distributor is equipped with a control system which inglides a valve
system which governs the flow©f material, @ pump tachometer or a
pressure gauge that registes the pump output, @nd a bitumeter. The
bitumeter is a rubber-tired wheel mounted on a retractable frame with a
cable leading to a dial in the cab of the vehicle. The dial registers the rate
of travel in distan¢e per minuté and the traveled distance. The bitumeter
should be kept cleart ahd chegked for accu‘iacy at regular intervals. The
typical capa€ify of the truck varies from 3,{000 to 20,000 liters. The spray
barean cover a width of 3to 9 m ina singl}e pass, deper,iding on the pump

capacity.

(21)

Figtire 18 shows the asphalt distributor, cﬁip spreadei‘ and pneumatic
rolless prior to start of the chip sealing jobf.f Figures 19 and 20 show the

chip'spreader and the rollers, respectively.



POWER DRIVEN PUMP YALVE CONTROL BURNERS

BAFFLE PLATE

BITUMETER
WHEEL

Figure 17. A schematic of asphalfdistributor ¢components.

Figure 18. Asphalt distributor, chip spreader and rollers.
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Figure 20. Compacting chip seals using rubber wheel rollers.
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The temperature of the binder is adjusted to achieve a viscosity that
permits proper spraying without fogging. The recommended application

temperatures are given in table 14:*

Table 14. Recommended binder application

temperatures for chip sealing.

Type and Grade Spraying Temperature

oC

CRS-1 50 to 85

CRS-2 50 to 85

RS-1 20%0 60

RS-2 50 to 85

Ms-1 20%0 70

HFMS-1 20to 70
Asphalt Cement 130+

It is important to niote that the@hip spreader should follow the asphalt
distributor ifmtediatély before @mulsion breaks. The time between the
application of binder and'aggregate generally should not exceed 1 to 2
minutes. This tithe mkay be increased (up to a maximum of 3 minutes),
dependingen field €onditions such as temperature and humidity.
Applying the chilps too early permits the chips to roll over when they hit
the binder, putting a coating on the top side of the chip. This can lead to
traffié raveling the aggregate off the surface. Applying the aggregate too
late reduces the ability of the aggregate to bond with the asphalt.

In case of wide roads, when two passes are used, it is a good practice to

spread the aggregate on the first half of the roadway so that a 100 to
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150 mm strip of asphalt is left exposed along the center line. This will

form a lap for the second pass.

Rolling should be done immediately after spreading the chips to embed
and orient them on their flat side. Rubber-tired rollers should be uséd
since they kneed the chips firmly into the binder and small depressions
without crushing. Light-weight, steel-wheel rollers can be used at the end
for finishing, if crushing is not a problem. Rollers weighing 6 to 8 métric
tons are suitable. It is important to adjust the tire pressuredf rubber-tired
rollers according to the manufacturer’s recommendatior. The speed of

the roller should 