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ABSTRACT

Maintenance engineers have been applying treatments to both flexible and rigid
pavements for as long as such pavements have existed. The types and application of various
treatments for both corrective and preventive maintenance have been the subject of research
studies over a number of years, and many publications have reported these findingsd'Recently,
the Federal Highway Administration (FHW A) has initiated an effort to encourage DOT8 (state
and local) to begin, or extend, the practice of preventive maintenance, since there simply isinot
enough money available to continue the types of maintenance currently employed.

This report specifically addresses flexible pavement preventive maintenan¢e,including
the types of pavements that are candidates for preventive maintenance, the ayailable fieatments;
where and when they should be used, their cost effectiveness, the factors f6 be considered i
selecting the appropriate treatment strategy, and a methodology to detérmine th€ most effective
treatment for a particular pavement.

KEY WQRDS

Preventive preservation, pavement maintenan€éjpavement maintenance treatment selection,
optimal timing, cost effectiveness, @sphalt'concrete pavements




GLOSSARY OF TERMS

Annual Costs — Any costs associated with the annual maintenance and repair of the facility.

Cape Seal — A surface treatment that involves the application of a slurry seal tognewly
constructed surface treatment or chip seal. Cape seals are used to provide'a dense,
waterproof surface with improved skid resistance.

Chip Seal — A surface treatment in which a pavement surface is sprayed with asphalt (gencrally
emulsified) and then immediately covered with aggregate and rolled. Chip seals are used
primarily to seal the surface of a pavement with non load-associated cracksiand to
improve surface friction, although they also are commonly uded s a Wearing colifse on
low volume roads. '

Cold In-Place Recycling (CIR) — A process in which a portion of @n existing bitiminous
pavement is pulverized or milled, the reclaimed materiahis mixeédwsith new binder and, in
some instances, virgin aggregates. The resultant blend 18 placed as a base for a
subsequent overlay. Emulsified asphalt is espegidliy suitédifor cold in-place recycling.
Although not necessarily required, a soft€ning agent'maybe used along with the
emulsified asphalt.

Cold Milling — A process of remoying pavementmaterial from the surface of the pavement
either to prepare the surface (by removing fuiting and surface irregularities) to receive
overlays, to restore pavement ¢ross slopes and profile, or even to re-establish the
pavement’s surface fra@lfiofecharagieristics.

Corrective Maintenance — Maintenan€e\performed once a deficiency occurs in the pavement;
i.e., loss of frittion, moderate to §evere rutting, extensive cracking or raveling.

Crack Filling — The placement of materials into non-working cracks to substantially reduce
infiltration of'water and to reinforce the adjacent pavement. Working cracks are defined
as these that experience significant horizontal movements, generally greater than about 2
mm (0.1 i), Crack filling should be distinguished from crack sealing.

Crack Sedling — A maintenance procedure that involves placement of specialized materials into
working cracks using unique configurations to reduce the intrusion of incompressibles
intosthe crack and to prevent intrusion of water into the underlying pavement layers.
Working cracks are defined as those that experience significant horizontal movements,
generally greater than about 2 mm (0.1 in.).

Dense-Graded Asphalt Overlay — An overlay course consisting of a mix of asphalt cement and

a well graded (also called dense-graded) aggregate. A well graded aggregate is uniformly
distributed throughout the full range of sieve sizes.

i



Discount Rate — The rate of interest reflecting the investor’s time value of money, used to
determine discount factors for converting benefits and costs occurring at different times
to a baseline date. Discount rates can incorporate an inflation rate, depending on whether
real discount rates or nominal discount rates are used.

Emulsified Asphalt — An emulsion of asphalt cement and water, which contains a small amount
of an emulsifying agent. Emulsified asphalt droplets, which are suspended 1n Water, may
be either the anionic (negative charge) or cationic (positive charge) type, dependinig upon
the emulsifying agent.

Equivalent Uniform Annual Cost (EUAC) — The net present value of all discounted cost and
benefits of an alternative as if they were to occur uniformly throughout the analysis
period. Net Present Value (NPV) is the discounted monetary valéie ol €xpected benefits

(i.e., benefits minus costs).

Fog Seal — A light application of slow setting asphalt emulsion @iluted with water. JAt1s used to
renew old asphalt surfaces and to seal small cracks and surface voidss,

Heater Scarification — A form of hot in-place téCycling imwhich the surface of the old
pavement is heated, scarified with a set of sgflsifying teethiymixed with a recycling agent,
and then leveled and compacted.

Hot In-Place Recycling (HIR) — @ process which ensists'@fisoftening the existing asphalt
surface with heat, mechanically semoving the shrface material, mixing the material with a
recycling agent, adding (if requireéd)\virgin asphalbiand aggregate to the material, and then
replacing the material baclgen,the pavement.

Hot Mix Asphalt (HMA) — High quality, tioroughly controlled hot mixture of asphalt cement
and well graded duigh'guality aggregate thoroughly compacted into a uniform dense mass.

Inflation Rate — The tate of increase il the general price levels, caused usually by an increase in
the volume of money and credit relative to available goods. The inflation rate is also
reflestive of the rate of decline in the general purchasing power of a currency.

Initial Costs — Adl costs associated with the initial design and construction of a facility,
placemént of a treatment, or any other activity with a cost component.

International Roughness Index (IRI) — A ratio of the accumulated suspension motion to the
distanee traveled obtained from a mathematical model of a standard quarter car traversing
a measured profile at a speed of 80 km/h (50 mph). Expressed in units of meters per
kilometer (inches per mile), the IRI summarizes the longitudinal surface profile in the
wheel-path.

iil




Life Cycle Costing — An economic assessment of an item, system, or facility and competing
design alternatives considering all significant costs of ownership over the economic life,
expressed in terms of equivalent dollars.

Microsurfacing — A mixture of polymer modified asphalt emulsion, mineral aggregate, mineral
filler, water, and other additives, properly proportioned, mixed and spredéhon a paved
surface.

Net Present Value — The present value of future expenditures or costs discounfed using an
appropriate interest rate.

Nominal Dollars — Dollars of purchasing power in which actual pricesqare, stated, including
inflation or deflation. Hence, nominal dollars are dollars whose purchasing power
fluctuates over time.

Open-Graded Friction Course (OGFC) — An overlay coutse congisting of a mix of asphalt
cement and open-graded (also called uniformly graded) aggregatémAi open-graded
aggregate consists of particles of predominantly a singl¢ size.

Pavement Preservation — The sum of all activities undertakeémite provide and maintain
serviceable roadways. This includes correcfiie maintenance and preventive maintenance,
as well as minor rehabilitation prejééis.

Pavement Preventive Maintenanee — Planned strdtegy of cost-effective treatments to an
existing roadway system andifs appurtenances that preserves the system, retards future
deterioration, and maififdins or improves the functional condition of the system (without
increasing the struétural capacity).

Pavement Reconstafiction - Construction of the equivalent of a new pavement structure which
usually involves complete reméval and replacement of the existing pavement structure
including néw and/or recyeled materials.

Pavement Rehabilitation — Work undertaken to extend the service life of an existing pavement.
This ineludes thetestoration, placing an overlay, and/or other work required to return an
existifig roadway,to a condition of structural and functional adequacy.

Pavement Serviceability Index (PSI) — A subjective rating of the pavement condition made by
@ group of individuals riding over the pavement.

Periodic Costs — Costs associated with rehabilitation activities that must be applied periodically
over the life of the facility.

Present Worth Method — Economic method that requires conversion of costs and benefits by

discounting all present and future costs to a single point in time, usually at or around the
time of the first expenditure.

v




Real Dollars — Dollars of uniform purchasing power exclusive of general inflation or deflation.
Real dollars have a constant purchasing power over time.

Recycling Agents — Organic materials with chemical and physical characteristics selected to
address binder deficiencies and to restore aged asphalt material to desired specifications.

Rejuvenating Agent — Similar to recycling agents in material composition, these progiicts are
added to existing aged or oxidized HMA pavements in order to restore flexibility and
retard cracking.

Rubberized Asphalt Chip Seal — A variation on conventional chip seals in which the asphalt
binder is replaced with a blend of ground tire rubber (or latex rubber) and asphalt cement
to enhance the elasticity and adhesion characteristics of the bindef. ‘Commonly used,in
conjunction with an overlay to retard reflection cracking.

Salvage Value — The remaining worth of the pavement at the enthof the afialysis pefiod. There
are generally two components of salvage value: residual value, the et vali€ from
recycling the pavement, and serviceable life, the remaining life of the pavement at the end
of the analysis period.

Sand Seal — An application of asphalt material covered with fine aggrégate. It may be used to
improve the skid resistance of slipperyspavements and to seal against air and water
intrusion.

Sandwich Seal — A surface treatment that €onsists of application of a large aggregate, followed
by a spray of asphalt emulgiem,that 1§ in turn covered with an application of smaller
aggregate. Sandwich séals ar¢'used to'seal the surface and improve skid resistance.

Scrub Seal — Applicatiomof & polymer modified asphalt to the pavement surface followed by the
broom scrubbing of the'@sphalt intg éracks and voids, then the application of an even coat
of sand or sfhall aggregate, andfinally a second brooming of the aggregate and asphalt
mixture. This s€ahis then rolled with a pneumatic tire roller.

Slurry Seal —A mixture of slow setting emulsified asphalt, well graded fine aggregate, mineral
filler, andawater. This used to fill cracks and seal areas of old pavements, to restore a
unifornd surface texture, to seal the surface to prevent moisture and air intrusion into the
pavement, and to provide skid resistance.

Stone Masti¢ Asphalt Overlay — An overlay course consisting of a mix of asphalt cement,
stabilizer material, mineral filler, and gap-graded aggregate. The gap-graded aggregate is
similar to an open-graded material but is not quite as open.

Surface Texture — The characteristics of the pavement surface that contribute to both surface
friction and noise.




User Costs — Costs incurred by highway users traveling on the facility and the excess costs
incurred by those who cannot use the facility because of either agency or self-imposed
detour requirements. User costs typically are comprised of vehicle operating costs
(VOC), accident costs, and user delay costs.
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1.0 INTRODUCTION

1.1 Background

According to recent figures reported by the Federal Highway Administratidn, the
condition of highway pavements on the National Highway System in the United State§ is,such
that the cost to maintain the system at existing condition levels is nearly $50 billion_annually (7).
However, the United States currently spends only about $25 billion per year, and the estimated
cost to bring the entire system up from its current level to a “good” level is $200 billion. Judgrug
from this, it is clear that the system cannot continue to operate with traditional approaches to
pavement management at the maintenance level and that the pavement preséivation irategies
employed at the various levels of DOTs (i.e., state, county, and city) néed to be réstructured.

Pavement management systems (PMS) generally includeia subsystém for pavement
maintenance which may contain models to determine the most ¢ost efféctive treatdient (2, 3).
These are generally based on pavement type, condition, and othet important factors. It is critical,
however, that the proper maintenance treatmenibe plaged at the right time for the pavement to
function as designed and for the maintenance program to be cost efféétive. A limitation of many
PMS systems is their inability to comprehensively analyze individual projects and determine the
proper timing and cost of treatment.

Two types of pavement maintenafice are generally recognized (Figure 1.1): preventive
and corrective (or reactive). Preventiveimaintenance iswused to arrest minor deterioration, retard
progressive failures, and reduce the need f0x corrective mdintenance. It is performed before the
pavement shows significant digtfess t& provide,a more uniform performing pavement system.
Corrective maintenance is pgtformed after a defigiency occurs in the pavement; i.e., loss of
friction, moderate to severe futting, or extensive cracking. Although there are many different
definitions for these tefins, these are the ones used in this report.

Although each type of maintenarce is needed in a comprehensive pavement preservation
progiam, the emphasis‘§hould be placed on preventing a pavement from reaching the condition
where cotreltive maintenanee, is required, since the cost associated with this approach can be
substantial (4)-“LThissituation 1S often depicted as shown in Figure 1.2, which compares different
treatments at differentiimes. What is really needed is a determination of the cost effectiveness of
the preventiy® maintenance (PM) approach compared with standard practices of rehabilitation
when the pavement wears out (see Figure 1.3).
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Figure 1.2. Typical Variation in Pavement Conditions as a Function of Time
(modified after reference 4)
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1.2  Objectives of Study

The objectives of this study are to:

1. Review existing practices related to selecting appropriate preventive maintenance
strategies.

2. Develop a framework for the selection of the most appropriate preventive
maintenance treatments.

3. Prepare a summary report (and slide presentation) which documents
The review of selected current practices is presented in Appendices A

selecting the most appropriate maintenance and rehabilitation treat
2,3 and 4. The slide presentation, which provides an overview of




2.0 ESTABLISHING A PAVEMENT PRESERVATION PROGRAM

There are a number of technical components of a successful pavement preservation
program, but they must first be preceded by two non-technical ones. They include: 1) top
management commitment to the program within the agency, and 2) a comprehensiye education
effort aimed at the customer. If these two features are not embedded in the programi, ihis not
likely to be successful. Of course, commitment from top management is always essentiahin any
endeavor, but if an agency is not currently operating in a preventive mode, the changés required
are as much “mind set” as they are operational. In addition, performing maintenafice activitieglon
pavements that are considered by the customer (the traveling public and taxpayers) to be in
“good” condition will often bring criticism. Agency management must be able to articulate the
concepts of system preservation and the use of preventive maintenancedfeatments to addressithe
criticism, which means that the public, the customer, must be informed of the goals and
objectives of this approach.

2.1 Elements of a Pavement Preservation Program

The following elements should be considerédhwhen develdping.a pavement preservation
program:

1. Establish program guidelines. These guidelines become the instrument to express
the overall strategies and ‘goals of the preseyation program by providing policy on
such features as safety and envitonmental 1ssues, and identifying a program
coordinator. The techfii@abelements of the program, such as what system will be used
to determine needg, must also be ingladed. Finally, a system to measure progress in
relation to the stated goals of thi€\program needs to be identified. An example of a
typical progein guideline is given in a report by Galehouse (5).

2. Determine maintenanceneeds. A system to determine the existing condition of the
pavement network under the jurisdiction of the agency is an essential component of
the,management program. Pavement management systems (PMS) currently in use by
ageneieshave thisi@omponent, but they vary widely in their approach and
sophiStication. "Generally, a condition survey is conducted on segments of existing
pavements and various distress features are noted. This survey, conducted by trained
individuals or with automated vehicles, may be supplemented by destructive sampling
(1.&., cores and/or slabs) or nondestructive testing means (i.e., friction trailer, falling
weight deflectometer, and profilometer/roughness meter). It should be emphasized
that the traditional PMS distresses generally indicate failure conditions and do not
provide early indicators for preservation.

An analysis of this data, along with information such as project location,
average daily traffic, percent trucks, traffic projections, and environmental conditions
(high and low temperature, freeze-thaw cycles, precipitation) provides an inventory of




data that can be factored into creating pavement segments appropriate for
preservation, rehabilitation, or reconstruction. Segments (or pavements) requiring
immediate maintenance or rehabilitation would not generally be good candidates for
pavement preservation.

Provide a framework for treatment selection. It is important that thesmaintenance
treatment selected is the proper one for the type and levels of distress, the élimate, and
the level of service expected for the project. (This topic is discussed later.)

Develop analysis procedures to determine the most effective treatiment. A
number of procedures exist to determine the cost effectiveness of maintenance
treatments (6, 7). These are based on several approaches and vary from Simple to
complex. A simplified approach, which is based on the degiSion ttééor matrin
process, is presented later in this paper.

Include a feedback mechanism to determine program efféctiveness: This is a
management process to assess how the program is working i1 rélatiefl fo the
established goals. It becomes a tool to help adjust factoks that need to be changed
because of program modifications:< The fe€dbaek should include both individual
pavement performance and overall systém performanee.

Figure 2.1 is a flowchart showing the relationship among the various elements of a pavement
preservation program. It should B€emphésized that top management needs to be involved in
steps 1 and 5 above to ensure a successful programi.

2.2 Preventive Maintengdnce Treatments

There are a number Of preventive maintenance treatments for flexible pavements. A
comprehensive discu§sion of €ach treatmént may be found in the Basic Asphalt Emulsion
Manual (8), including the conditionsii which each can be effective, and the pavement
distress(es) which each is intended to address. The timing the various treatments are applied
det@rminéssyhether theyare, preventive or corrective maintenance treatments. The most common
types of distress imflexible pavements include:

e O30 =]

Raltfing.

Cracking (i.e., fatigue, shrinkage, and thermal).
Bleeding.

Roughness (due to one or several of the above).
Weathering

Raveling

Table 2.1 provides possible maintenance treatments matched to various distress types. The
causes of these distresses are not discussed, but can be found in work by Roberts et al. (9), or
elsewhere. If the distresses identified in the pavement condition survey are related to structural
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Figure 2.1. Elements of a Pavément Preservation Program

Table 2.1. Possible Préventive Maintenance Treatments for Various Distress Types

Crack ) Fog Slurry | Cape | Chip | Thin HMA | Mill or
Pavement Distress Sealing | 8¢all| Microsurfacing | Seal | Seal | Seal | Overlay | Grind®
Roughness
Nonstability,Related X X X X
Stability Related X
Rutting X X X
Fatigue Cracking” X X X X X X
Longitudinal and X X X X X X
Transverse Cracking
Bleeding X X X
Raveling X X X X | X

Key: X = appropriate strategy
“This is a corrective maintenance technique
*For low severity only; preventive maintenance is not applicable for medium to high severity fatigue

cracking



deficiencies, the pavement is most likely not a candidate for a preventive maintenance treatment
and should be programmed for rehabilitation or reconstruction. The different types of
maintenance treatments considered in this report include:

1.

Crack Sealing. This treatment is used to prevent water and debris from entering
cracks in the pavement. The treatment might include routing to clean the entire crack
and to create a reservoir to hold the sealant.

Fog Seal. An application of diluted emulsion (normally 1 to 1) to enrigh'the
pavement surface and hinder raveling and oxidation. This is considéféd a tempQracy
application.

Chip Seal. This treatment is used to waterproof the surfagé, séal Small Crasksgand
improve friction. Although typically used on low volumié roads and streets, it Can
also be used on high volume highways and expressways.

Thin Cold Mix Seals. These treatments include slutry sealssape s€als, and
microsurfacings which are used on all types of facilitiés to fill'cracks, improve
friction, and improve ride quality.

Thin Overlays. These include dense-, 0pen-, and gap-graded mixes (as well as
surface recycling) that are used t@gmprove ride quality, provide surface drainage and
friction, and correct@usface ifregularities. Theyare generally 37 mm in thickness.

Table 2.2 summarizes typical unit co&ts and expected lives for various treatments. These values
(which are based on the authors’sexperiences) will vary depending on the project location,
quantities placed, and envirgnmental conditions.




Table 2.2. Typical Unit Costs and Expected Life of Typical Pavement Maintenance Treatments

Expected Life of Treatment

Treatment Cost/m’ Cost/yd2 Min. Average Max.
Crack Treatment” 0.60 $0.50 2 3 5
Fog Sealsb 0.54 $0.45 2 3 4
Slurry Seals® 1.08 $0.90 3 5 7
Microsurfacingd 1.50 $1.25 3 7 9
Chip Seals* 1.02 $0.85 3 5 7
Thin Hot-Mix Overlay’ 2.09 $1.75 2 7 12
Thin Cold-Mix Overlay’ | 1.50 $1.25 2 5 10

Notes:

“Assumes typical crack density of 0.25 yd / yd2
%0.2 1/m” (0.05 g/yd®) of a 1:1 dilution of GSS emulsion and waker
“7 kg/m” of ISSA Type II slurry
914 kg/m2 of ISSA Type II microsurfacing

°15 kg/m®
30 to 44 mm/m*

Note: The costs would be expectedsto vary with size and/or location of job. The expected lives
would also vary depending ori the trafficiand environmental conditions.




3.0 FRAMEWORK FOR TREATMENT SELECTION AND TIMING

Pavement treatments applied after initial construction are employed to either preserve
(maintain) the life of the original pavement or, in the case of rehabilitation, extend it. Figure 3.1
provides an early classification for the variety of different treatments typically usediby highway
agencies (/0). Many of the treatments fall under the maintenance category (both prévéntive and
corrective), while all others fall under the rehabilitation category.

Many agencies and organizations (see Appendices A and B) have also developed decigion
tools for selecting the appropriate maintenance or rehabilitation strategy for a given pavement
condition. This chapter presents the use of decision trees and matrices aswell as an approach/for
selecting optimal timing for each of the treatments. The emphasis is ofl mainteflance tredfifients
(preventive treatments, in particular); however, it is important to poifit out thdt the focus of most
highway agencies, thus far, has been more on rehabilitation.

3.1 Tools for Treatment Selection

According to resource materials available ftom the FederabHighway Administration that
deal with pavement management (2, 3), there are a number of indicators used by highway
agencies as a basis for identifyingan approgtiatémaintenance or rehabilitation treatment to
address a given state of pavementdéteridration. “Lhe two most common simple tools are referred
to as decision trees and decision matrices. Both depend upon certain rules and criteria set forth
by the agency based upon past experience and represent & practical aid in the treatment timing
selection process. The generaldypes of data that are considered in the development of these tools
include:

e Pavementgurface type and/or ¢onstruction history.

An 1ndication of the functional classification and/or traffic level.

At least one type of condition index, including distress and/or roughness.

° More specific information about the type of deterioration present, either in terms
6f an amount of load-related deterioration or the presence of a particular distress type.

. Geometrics, in order to indicate whether pavement widening or shoulder repair
should also be required.

o Environmental conditions in which the treatment is to be used.
The primary advantage of these tools is that they reflect the decision processes normally

used by the agency. Other advantages include: 1) the flexibility to modify both the decision
criteria and the associated treatments, 2) the capability to generate consistent recommendations,

10




(0I) suoneiopisuo

(sainpawipy

noyim

10 yum) Bujokaay
jueid jeyus) o

(saampquipy

NOUIIM JO YUM)
Buijohaay agejd-uj o

sheponQ yum
Buipohaay aoepng o

siokep
sueIquIal -
sauqeq ~

siake) ajeGaibbe
pajeanun-
:J0 95N SapNjou} :3joN

2]219u0)
Juawa) puepiod o

(papeiB-uado
pue -asuap yioq)
aja10u0) Jeydsy o

[[IGEYOY PUB QJURUIUIBIA JUSWOAB "' 2InL]

4

-ul 9pnjoul uej usw

abeutesq o
Bujueid pjoy o
Bugakoay aseung o
jayuelg uyy, o
abeuelq Buaooiy o Buyed o
98409 UORIUY © jueg Ly, o
(o1e62166Y (o1ebaiBby
M) jeog eas o Yim) Je0) jeag o
Buijeas juior o Butjeag uior o
-uonez Bugpji4 o4 © suofjeudAnfay
(uonzifiess soetd Buiyaleq o Jeydsy |eag Bog o
-ubjje bunsixa ug) QAI0BL0D (auynoy) aauanald

skepan 3 Hujphosy
Bupkosy jouogeuquoy | [ skeworo | [ uoponmsuosey |
_ _ _
_
|  voneunqeued (jeinpnag) |
L
NOLLVLMISVHIY ONY

JONVNILNIVI INIWIAVd

|

11



and 3) the relative ease with which the selection process can be explained and programmed.
Both tools can be used effectively in the selection/identification of suitable preventive
maintenance treatments as well as routine preservation and rehabilitation options.

The primary disadvantage of these tools is that they are generally only designed to focus
attention on the one (or two) treatments that have worked well in the past. Unfortunately, they
tend to ignore or overlook new/improved treatments that may be more effective. Furthermore, it
should be noted that the use of decision trees and matrices, by themselves, does not engute the
selection of the optimum or most cost effective treatment. Generally, a more sophigficated
process involving the consideration of cost and timing is required to achieve optifnization.

3.1.1 Decision Trees

As the terminology implies, decision trees incorporate a set of eritesia for identifying a
particular treatment through the use of “branches.” Each brangli represéiiis a specific set of
conditions (in terms of factors such as pavement type, distress type andlevel, traffic volume, and
functional classification) that ultimately leads to the identification of a particular treatment.

Figure 3.2 provides an example of a relatively straightiofward maintenance and
rehabilitation decision tree using only a few treatmentsto illustrate the concept. In this example
(intended for demonstration purposes only), fiwe criteria ate used as the basis for treatment
selection. It should be noted, howigver, that inherent in a stmplified decision tree of this type are
certain environmental conditions and traffic levels which influenced the original determination of
the recommended treatments. Accordingly, users shouldexercise caution in applying any
decision tree for conditions that aneseutside the basis for its development. Examples of more
comprehensive maintenance afid rehabilitation decision trees, which include additional
treatments, are included in Appendix B.

Many decision frces use distress criteria of a composite nature to further simplify the
selection process. The Pavement Condition Index (PCI) is an example of one of these composite
distress indices. The problem with decision trees based on a composite distress index is that the
treafinents'de.not always appropriately address the actual distress conditions, particularly at the
higher levels of déterioration associated with pavement rehabilitation. The criteria shown in the
decision tree of Figure 3 2ymay be interpreted as follows:

1." Structural Deterioration. If little or no structural deterioration exists, the associated
{réatments are directed at maintaining the functional performance and preserving the
intended life of the original pavement. This is the optimum timing for applying
preservation treatments. If structural deterioration (in the form of fatigue cracking or
rutting) does exist, then the associated treatments are directed more at improving the
structural performance; i.e., retarding the rate of structural deterioration and extending
the intended life of the original pavement.
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Environmental Surface
Structural Cracking Wear Recommended
Deterioration Extent Severity Treatment
Low Crack Seal
Low Moderate Surface Treatment
(Single Chip Seal)
High Crack Seal and
40 mm Overlay
Low Crack Seal
No Moderate Moderate Crack Seal plus
40 mm Overlay.
High Mill anddFill
50 mm
Low Mill and Fill
40 mm
High Moderate Mill and Fill
50 mm
High Mill and Fill
50 mm
Fatigue
Cracking Rutting Recommended
Extent Severity. Treatment
Low Mill and Fill
40 mm
Eow Modérate Mill and Fill
50 mm
High Mill and Fill
75 mm
Low ' Mill 50 mm
Overlay 75 mm
Yes Moderate Moderate Mill 75 mm
Overlay 100 mm
High Mill 100 mm
Overlay 125 mm
Low Mill 100 mm
Overlay 150 mm
High Moderate Remove HMA, Repair
Base and Repave
High Total
Reconstruct

Figure 3.2. Simplified Maintenance and Rehabilitation Decision Tree for Asphalt Pavements
(for demonstration purpose only)
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2. Environmental Cracking. This refers to the transverse, longitudinal, and block
cracking that develop in an asphalt pavement as it ages and undergoes the thermal
stresses associated with daily temperature cycles. Treatments for this type of distress
are intended to prevent moisture intrusion and retard the rate of crack deterioration
that occurs at the pavement surface. The extent levels, in this case, are defined as
follows:

e Low — The amount of cracking is so slight that there is little question as to the
feasibility of crack sealing.

e Moderate — The cracking has achieved a level where sealing aloné may not be\cost
effective.

o High — The extent of cracking is so great that crack s€aling wéuld definitely not
be cost effective and some other remedial work is reguireds

3. Surface Wear. This refers to the pavement deterioration that takes®lace at the
asphalt pavement surface (i.e., within the top 20 mm), primarily as a result of tire
wear (e.g., polishing) and materialdeégradationife.g., raveling). Treatments for
surface wear remove and/or cover up ¢he,womn surfage, The severity levels, in this
case, are defined as follows:

e Low — Surface t€xtusre and frictional resistanée are minimally affected.

e Moderate — Surface texture, and frictionabresistance are significantly affected.
The potential forWénweathenaccidents is increased.

e High — Surface texture an@ frictional resistance are heavily affected. The
probability of wet weather accidents is near (or above) the unacceptable level.

4. Fatigue Cracking. Wheelpath cracking associated with the cumulative effects of
wheel loads i8,a clear indication of structural deterioration and loss of load carrying
Gapacity in a pavement. Accordingly, rehabilitation strategies tend to focus on
removahand replacement of significant amounts of the HMA surface layer and, in
somie cases, base course. The extent levels are defined as follows:

» Low — Less than one percent of the wheelpath area exhibits load-associated
cracking, which may start as single longitudinal cracks.

e Moderate — At least 1 and up to 10 percent of the wheelpath area exhibit cracking,
likely in an interconnected pattern. The rate of crack progression is increasing.

e High — Ten percent or more of the wheelpath area exhibits load-associated
cracking. Rapid progression to 100 percent of the wheelpath area is likely.
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5. Rutting. This type of permanent deformation can take place in any one or more of
the pavement layers. If the HMA surface layer is of poor quality (either because of
poor mix design or improper construction), rutting can be confined to the top 50 to 70
mm of the pavement. If the structural design is inadequate or the pavement is
overloaded, rutting can take place in the underlying pavement layers and natural
subgrade soil. Generally, pavement rehabilitation strategies are targeted at replacing
the deteriorated/deformed layers. The treatments recommended in Figtge 3.2 are
based on the assumption that the rutting is confined to the HMA surface layen, The
three rut severity levels are defined as follows: ’

e Low — Rut depth is less than 6 mm. Problems with hydroplaning{and wet weather
accidents are unlikely.

e Moderate — Rut depth is in the range of 7 to 12 mm. Inadequaté cross slope can
lead to hydroplaning and wet weather accidents.

e High — Rut depth is greater than 13 mm. The poténtial for hydreplaning and wet
weather accidents is significantly increased.

Again, Figure 3.2 is an example of how an agencydor organization) may develop their own
decision tree.

Figure 3.3 provides anotigtexample of telatively simple decision trees developed by
Hicks, et al. (/1) which are geared towards preventivé,maintenance treatments. These decision
trees independently address pavement toughness, ruttingy cracking, and raveling/weathering,
respectively. In Figure 3.3(a), thesdecision ériteria include type of roughness and average daily
traffic (ADT) level. In Figuné 3.3(b), the critéria include the cause of rutting and ADT level. In
Figure 3.3(c), the criteria in€lude the type®f cragking and ADT level. Finally, in Figure 3<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>