Introduction

Sealing cracks in asphalt concrete pavements is a commonly used
maintenance procedure which can reduce pavement deteriora-
tion by restricting surface water penetration into underlying base
and subbase layers (1). This helps maintain pavement structural
capacity and limits future pavement degradation.

Pavement Management Systems (PMS) are designed to man-
age maintenance and rehabilitation activities to optimize pave-
ment condition with available funds. Use of PMS is becoming
increasingly more prevalent due to benefits achieved (2, 3, 4).

Crack sealing is generally considered in PMS as a maintenance
activity. Research activities by several organizations have deter-
mined that effective crack sealing in asphalt concrete pavements
can extend pavement life in a cost effective manner by slowing
the rate of condition deterioration (5,6,7). The purpose of this
brochure is to discuss life extensions provided by crack sealing
and the incorporation of these extensions into Pavement Man-
agement Systems.

Pavement Management System Basics

Pavement Management Systems consist of a planned, system-
atic approach for owner agencies to optimize pavement main-
tenance and rehabilitation activities to provide the desired level
of pavement condition and life span with available funding.
Implementation of PMS results in identification of needs of the
pavement system and schedules for maintenance and rehabili-
tation to address identified needs. PMS considers current and
future pavement condition, maintenance and rehabilitation al-
ternatives, funding, priorities and other factors to develop main-
tenance and rehabilitation plans and schedules to achieve de-
sired goals.

Pavement Deterioration and Pavement Condition
Index (PCI)

Pavement deterioration is due to environmental and traffic load-
ing factors and results in worsening pavement condition and
ride quality. Pavement condition can be quantified by the Pave-
ment Condition Index (PCI) which rates the pavement according
to the extent and severity of distress types present (cracking,
rutting, shoving, etc.). PCI ranges from 100 to O (Best to worst).
Figure 1 shows a typical pavement condition life cycle curve.
The plot shows that condition worsens at an increasing rate as
the pavement gets older The reason for this is that deteriora-
tion begins mostly at the surface and then progresses down
into underlying layers as surface cracks develop. Figure 1 shows
that a typical pavement without rehabilitation will experience a
40% drop in PCI during the first 75% of its life and an additional
40% drop in the following 12% of its life. To restore pavement
condition near the end of its service life will typically cost 4 to 5
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times as much as it will at 75% of its service life due to
the more complete failure experienced. A major goal
of PMS is to keep pavement condition in the upper PCI
range (60 - 90) by limiting subsurface structural degra-
dation to keep down rehabilitation costs.

PMS Activities for Pavements in Varying
Conditions

Pavements in different condition ranges require differ-
ent types of maintenance and rehabilitation activities.
Table 1 shows typical procedures which are applicable
for pavements in conditions ranging from very good to
very poor Applicable procedures range from minor rou-
tine maintenance to total reconstruction depending on
pavement condition. Specific procedures selected may
vary from agency to agency depending on performance
levels in different areas and for different functions. Each
procedure used in PMS has an associated cost, PCI im-
provement level and life cycle.

Steps in Pavement Management

The PMS process consists of several steps which are
briefly described as follows:

Inventory

This function consists of identifying, describing and log-
ging the pavement system in discreet similar sections
to provide the data base which describes the entire
pavement system to be managed.

Condition Survey:

The condition of each inventory section is assessed by
various methods. This phase identifies the PCI of each
section. Condition surveys are generally performed
each year to monitor performance of the pavement
system.

Identify Maintenance and Rehabilitative Altern-
atives:

Specific maintenance and rehabilitation procedures
which can be used for each pavement condition cat-
egory are identified and input into the system. Along
with each procedure, associated costs, PCI improve-
ment achieved, life cycle, etc. are input.

Operate the System:

With the pavement inventory, condition survey and
maintenance and rehabilitation alternatives input, it is
then possible to model pavement condition with vari-
ous rehabilitation strategies (procedures and timing) to
determine future pavement condition and associated
costs. Rehabilitation strategies can then be optimized
considering goals and funding. Work schedules are then

produced and priorities and budgets set. Maintenance
and rehabilitation are then performed as scheduled.

Monitoring the System:

During operation of PMS, condition data is collected to
monitor and verify if maintenance and rehabilitation pro-
cedures used are producing predicted results. Perfor-
mance predictions are updated as data becomes avail-
able. Other changes can be made in the system as
data acquisition, rehabilitation and performance pre-
diction technology improves.

Benefits of Crack Sealing

If cracks in asphalt concrete pavements are not sealed,
surface water penetration can reduce the strength of
base and subbase layers which can result in increased
deflections and accelerating deterioration of the surface
due to development of greater cracking, depressions
and potholes. Crack sealing is performed to reduce
water penetration and thereby help maintain pavement
structural capacity and to limit future degradation.

The Utah D.O.T. (6] found that effective crack sealing
reduced pothole formation and development of addi-
tional cracking significantly. Potholes and additional
cracking formed at 75 to 80% of unsealed cracks com-
pared to only 1% of the sealed cracks. The study con-
cluded that effective crack sealing reduces future pave-
ment deterioration.

The Ontario Ministry of Transportation as a result of
several extensive studies of crack sealing techniques and
effectiveness, has substantiated that effective crack seal-
ing can prolong pavement life. One study (4) concluded
that sealing retards deterioration and extends pavement
serviceability by at least four years. k was also noted
that when sealed, transverse crack condition remained
static with no spalling or secondary crack development
while unsealed cracks developed multiple cracks and
spalling. Other studies (8,9) reported that pavement
life extensions of between 2 and 5 years can be achieved
with effective crack sealing and that crack sealing can
be a cost effective preventative maintenance treatment.
Figure 2 shows PCI curves which indicate that the sealed
(treated) pavement section will have a 2 year greater
life than the unsealed control section. Life extensions
are shown as indicated by flattening of the PCI curves
which indicate a lessened rate of pavement deteriora-
tion. Note that in Figure 2, crack sealing resulted in a
10 point increase in PCI after 7 years of service com-
pared to the unsealed central section. The Ministry has
developed a knowledge based expert system for se-



lecting crack sealing projects for use in conjunction with
PMS (10),

A recent survey by the U.S. Army Corps of Engineers (6)
reported that with properly sealed cracks, pavement life
is extended by an average of three years with one state
reporting as much as eight years extra life. Other refer-
ences also indicate that pavement life can be increased
by crack sealing (12) and that the procedure is cost ef-
fective because the added life exceeds the cost of the
operation (1 1).

Incorporation of Crack Sealing in Pavement
Management Systems

Crack sealing can be used in Pavement Management
Systems for pavements in each condition related alter-
native classification except reconstruction.

Routine Maintenance (75-95 PCI) Very Good
Pavement Condition

This is the range of normal PCI in which crack sealing is
commonly thought to be most applicable. Pavements
in this category are in good to excellent condition and
have generally developed only minor amounts of crack-

ing.

Crack Sealing is generally performed by highway main-
tenance departments along with other types of rou-
tine maintenance (minor pothole patching, skin patch-
ing, etc.) as needed to keep the road in good condi-
tion. Cracks which have developed are generally less
than 1/8” wide, may be non-continuous and generally
do not experience high degrees of thermal movement.
Even though cracking is minor, sealing should be con-
sidered early in the pavement life to limit water pen-
etration into the underlying pavement structure.

Suggested sealing consists of using narrow overband
treatment with highly adhesive hot applied sealants.
Cleaning and preparation can consist of blowing with
compressed air or hot air lances.

Preventative Maintenance (60-75 PCI) Good
Pavement Condition

Preventative maintenance treatments are performed to
extend the service life of the pavement. These proce-
dures can be planned and scheduled in advance. Some
agencies have recognized that crack sealing in appro-
priate manners can be an effective preventative main-
tenance procedure. As previously discussed, the Ontario
Ministry of Transportation has found that performing
crack sealing on appropriate roads can extend their life

from 2 to 5 years (5, 8, 9, 10). They have determined
that crack sealing in effect slows the PCI deterioration
rate. This slower deterioration rate can be accounted
for in PMS by adjusting the PCI vs. life curves for pave-
ments which have been crack sealed to indicate their
increased life expectancy. Specific adjustments for spe-
cific PMS systems can be determined by monitoring and
evaluating PCI overtime for sealed and unsealed road-
ways.

Another manner in which crack sealing is incorporated
in PMS is how sealed cracks are accounted for during
PCI condition surveys. During conditions surveys, crack-
ing type, extent and severity are noted. Sealing does
not change crack type or extent but does reduce the
amount of future subsurface deterioration associated
with the cracks. Crack severity is generally classified as
low, medium or high. ASTM D 5340-93, Standard Test
Method for Airport Pavement Condition Index Surveys
[13), and the Corps of Engineers PAVER System (4) use
the following general rating guidelines for defining crack
severity. Low severity is described as non or lightly spalled
and less than 1/4 inch wide or filled with sealant in good
condition. Medium severity cracks consist of cracks
which are moderately spalled with a width over 1/4 inch
or filled with sealant in unsatisfactory condition. High
severity cracks are defined as cracks of any width which
are severely spalled with adjacent pieces which are loose
or missing and which may be either filled or unfilled.
These severity classifications account for functional seal-
ant by reducing the severity rating. The SHRP Distress
Identification Manual for the Long-Term Pavement Per-
formance Project (SHRP-P-338) (14) also uses similar clas-
sifications for severity and the manner in which func-
tioning sealant is considered. Generally medium sever-
ity cracks can be classified as low severity after sealing
in either band-aid or rout configurations. High severity
cracks will require routing to remove spalling and cut-
ting the pavement back to sound unspalled material
and then sealing to reduce the severity rating. Depend-
ing on the severity of spalling and parallel cracking, seal-
ing high severity cracks may not be appropriate as a
preventative maintenance technique.

From the PCI determination procedures in ASTM D5340,
it is possible to determine the effects of crack sealing
on the PCI. For block, reflection, longitudinal or trans-
verse cracks with a medium severity rating which are
crack sealed to result in a low severity rating, PCI is in-
creased by 5 to 6 for a 1% cracking extent and from 8
to 16 for a 10% cracking extent.



These improvements in PCI due to crack sealing should
remain until the sealant no longer is in good function-
ing condition. Therefore, the better the sealant instal-
lation and better performing the sealant is, the longer
the PCI improvements will last.

Recommended sealing consists of using routed reser-
voirs of appropriate sizes with high quality hot applied
sealants.

Crack sealing should also be considered as part of other
preventative maintenance treatments including chip
sealing, slurry seals and micro surfacing. Crack sealing
in conjunction with these treatment types can improve
their effectiveness.

During preventative maintenance crack sealing, the
question arises regarding how long to wait for cracks
to develop and widen prior to sealing. Some agencies
wait until the crack width reaches 1/4 inch or seal crack
only greater than 1/4 inch wide. However, the Corps of
Engineers suggests sealing cracks greater than 1/8 inch
wide. It is recommended that preventative maintenance
sealing should commence when the average crack
width reaches 1/4 inch in the Spring or Fall. When per-
forming the job, all cracks greater than 1/8 inch be
routed and sealed and cracks less than 1/8 inch should
be capped with a band-aid application to provide the
greatest benefit from the sealing project.

Deferred Action (50-60PCl) Fair Pavement
Condition

Pavements in this condition generally have surfaces
which have deteriorated significantly and are beginning
to experience subsurface deterioration. These types of
pavements are generally not upgraded using surface
preventative maintenance strategies, but are just main-
tained in a usable condition until funds become avail-
able for major rehabilitation. Maintenance mainly con-
sists of patching potholes as they occur. However, crack
sealing can be used to attempt to hold the pavement
together to reduce deterioration until rehabilitation is
performed. Alligator cracked areas with intact bases,
or high severity reflective, block, longitudinal or trans-
verse cracks can be sealed. Performing sealing in this
category can extend the usable life of the pavement
until major rehabilitation occurs.

Crack sealing of this type may be relatively extensive
and in cracks which may be severely deteriorated. It is
doubtful if preparation methods more extensive than
air blowing or hot-air lancing are justified. Sealant should

be applied in band aid configurations and sealants
should be hot applied types which will exhibit high
adhesivity in poor application conditions.

Rehabilitation (25-50 PCI) Poor Pavement
Condition

Pavements in this category are generally going to re-
ceive a major structural overlay. Crack sealing can be
performed prior to the overlay to seal existing cracks in
the pavement to limit water penetration into the base
when future reflective cracks form. Crack sealing of this
type under an overlay should be performed in a recessed
manner which prevents sealant contact with the over-
lay to prevent overlay displacement during compaction
which can create surface unevenness. For this type of
sealing, the widest cracks should be given the highest
priority. Routing to create a reservoir would be appro-
priate for cracks less than 3/8 inch wide. Sealing should
be recessed a minimum of 1/4 inch below the surface
to minimize contact with the overlay. Sealant types used
should be quality hot-applied materials which are typi-
cally used in the area for preventative maintenance rout-
ing and sealing. Band aid or other surface applications
should not be used.

Summary

Pavement Management Systems can be used to aid in
keeping roads in better condition for longer times. Ef-
fective crack sealing provides documented and quanti-
fiable life extensions in pavements due to restriction of
surface water penetration into base and subbase lay-
ers. The pavement life extensions provided by effective
crack sealing using appropriate preparation methods
and quality hot applied sealants can be used as an in-
tegral part of Pavement Management Systems in rou-
tine maintenance, preventative maintenance, deferred
action and rehabilitation condition categories to achieve
better performing highways at lesser costs.




TABLE 1

PMS Alternatives and Procedures for Various Conditions

PMS
PCI Pavement Alternative Example
Range Condition Classification Objective Procedures
75-95 Very Good Routine Correct minor Minor crack sealing, fog
deficiencies sealing, minor patching
60-75 Good Preventative Restore surface, Slurry seal, chip seal,
maintenance extend life crack rout & seal, patching
50-60 Fair Deferred No upgrading, Crack sealing & patching
action maintain current to maintain surface
condition
25-50 Poor Rehabilitation Major surface Structural overlays,
upgrading/ grinding
replacement
0-25 Very Poor Reconstruction Construct new Surface removal, new
pavement base and surface
EXCELLENT
GOOD | 140% Drop in Quality
$1.00 for Renovation Here
FAIR _ &
75% of Life
POOR _]
40% Drop In Quality
VERY POOR o Wil Cost $4.00
- lzm o $5.00 Here
FAILED

Figure 1

Typical pavement condition life cycle (Reference 4)

Performance curves for sealed (treated) and unsealed (control) pavement sections (reference 9)
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