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FOREWORD

This report is one volume of a four volume set of interim reports documenting
a major field study and evaluation of the effectiveness of three structural
overlay types for jointed portland cement concrete pavements and guidelines
for their use. The three overlay types are sawing and sealing joints in
asphalt concrete (AC) overlays of PCC pavements, cracking and seating PCC
pavements prior to AC overlay and constructing a thin bonded PCC overlay on
top of the existing PCC pavement. Condition survey, deflection testing and
roughness measurements were performed on a total of 60 sections. [t should be
noted that the small sample of projects and the unknown condition of the
pavement prior to overlay limit the conclusions that can be drawn from the
study. Volume V (Summary of Research Findings) and the technical summary will
be given widespread distribution in the near future. These reports will be of
interest to those involved in design, construction and rehabilitation of
jointed concrete pavements.

Sufficient copies of this report are being distributed by FHWA memorandum to
provide one copy to each FHWA Region and Division and two copies to each State
highway agency. Direct distribution is being made to the division offices.
Additional copies for the public are available from the National Technical
Information Service (NTIS), U.S. Department of Commerce, 5285 Port Royal Road,
Springfield, Virginia 22161. A small charge will be imposed for each copy

ordered from NTIS.
Jr P.C

Thomas J. Pask¢,
Director, Offfce of Engineering and
Highway Operations Research and Development

NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United States
Government assumes no liability for its contents or use thereof. The contents
of this report reflect the view of the contractor who is responsible for the
accuracy of the data presented herein. The contents do not necessarily
reflect the official policy of the Department of Transportation. This report
does not constitute a standard, specification, or regulation.

The United States Government does not endorse products or manufacturers.
Trade or manufacturers’ names appear herein only because they are considered
essential to the object of this document.
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PART I
1. INTRODUCTION AND RESEARCH APPROACH

BACKGROUND

The highway system in the United States represents one of the Nation's
most important public works investments. Highways such as the Interstate
system, arterials, and collection roads account for approximately 25 percent
of the highway mileage; however, these same highways carry approximately 85
percent cof the traffic.'! Incterstare highways alone carry 21 percent of the

Nation's traffic on only 1 percent of the total U.S. highway system.

" Many of the miles of pavement on the Interstate and arterial network are
composed of portlamd cement concrete (PCC). In most cases, these pavements
have provided many years of service with relatively low maintenance costs.
Many of these pavements are approaching the end of their design life, and
consequently, they have reached their terminal serviceability level. The need
to develop dependable and economic rehabilitation techniques for PCC pavements

is becoming increasingly important.

Numerous techniques and treatments have been tried to prevent or minimize
the teflection cracking problem that is inherent in asphalt concrete overlays
of jointed concrete pavements. Some of the treatments include the use of
fabrics, stress-relieving interlays, crack arresting interlayers, and sawing
and sealing of joints in the asphalt concrete overlay. The success of these
treatments varies considerably. It appears that it is almost impossible to

stop reflection cracking, although the severity can be reduced.®

Because this is the case, some agencies have decided to control the
problem rather than eliminate it. One method is to "crack" the existing slab
into smaller pieces and then "seat" the pieces to keep them from rocking and
moving. With a reduction in slab movement there should also be a reduction in
reflection cracking of the asphaltic concrete surface. The purpose of this
report is to document the effectiveness of the "crack and seat" method of

reflective crack control.



PROBLEM STATEMENT AND RESEARCH OBJECTIVES

Cracking and seating of portland cement concrete pavements before placing
an overlay has been used as a rehabilitation technique for over 30 years. It
is believed that cracking and seating will control the occurrence and severity
of reflective cracks; thus, it will prolong the life of the overlay. There
has been limited evaluation or documentation of the field performance of crack
and seat on a nationwide basis.®¥ 1t was felt that an in-depth evaluation of
crack and seat and overlay could provide information to determine expected
performance life of the technique. This information can assist the highway

engineer with the design of PCC pavement rehabilitation projects.

The research discussed in this report was part of a major Federal Highway
Administration (FHWA) project titled “"Performance/Rehabilitation of Rigid
Pavements." The specific cobjectives of the entire study (Phases I and II)

were to:

1. Evaluate the performance of different rigid pavement design features
on in-place pavement sections under similar environmental and traffic
loading conditions in each of eight different States. Relate the
observed distress to the probable cause to allow valid analyses of
the data.

2. Determine the adequacy of available models and design procedures to
predict the performance of in-place pavement sections. Estimate the
expected performance periods of recently constructed projects
incorporating improved design features that provide drainage and
reduced deflections. Determine the cost-effectiveness of these
features.

3. Improve the analysis and design procedures and guidance for the
design of rigid pavements to reflect the effects of sealing,
drainage, and deflection on pavement performance.

4. Develop improved design and construction procedures for the following
structural overlay techniques: thin bonded portland cement concrete
(PCC) overlays, crack and seat and overlays, and sawing and sealing
joints in asphalt concrete (AC) overlays over exlsting PCC joints.

5. Develop guidance on how to determine the most appropriate structural
overlay technique(s) so the cost effectiveness can be compared with
other strategies (e.g., concrete pavement restoration, unbonded
overlays, or reconstruct/recycle).



The overall objective of the stud’y was summarized as the improvement of
initial design procedures and the improvement of overlay design procedures
through :consideration of existing analytical techniques and field performance

observations.

The objective of Phase II -of finis study was to develop guidelines for the
use of structural overlays of PCC pavements and to develop improved design and
construction procedures for the three types of overlays. The specific

objectives were to:

1. Develop guidelines and construction specifications for sawing and
sealing of joints in AC overlays over existing PCC joints.

2. Verify and/or improve recommended design and construction procedures
for crack and seat and overlay of rigid pavements.

3. Verify and/or improve design.and construction procedures for thin
bonded PGC overlays.

4, Develop practical guidelines to aid the design engineer in the
selection of the most appropriate type of structural overlay for a
rigid pavement. '

A reported titled "Rigid Pavement Structural Overlay Summary Report" was
prepared under Phase 1.5 The Summary Report provided the detalls that were
used to develop a work plan for the crack and.seat and overlay project. The
research objective for Phase 1I, which included crack and seat, was listed

above.
The specific objectives for the crack and seat and overlay task were to:
1. Evaluate the performance of Inservice crack and seat and overlay
projects.

2. Verify existing recommended design and construction procedures.

3. Evaluate the impact of drainage on the performance of crack and seat
and overlay sections.

4. Develop improved design and construction procedures as appropriate.



SCOPE OF THE STUDY

As mentioned, several States have used crack and seat and overlay for
many years. Consequently, several highway sections across the country have
crack and seat treatments. Recognizing that the inclusion of an unlimited
number of crack and seat overlays was beyond the resources of this project,
the scope was limited to the evaluation of test sections that included a wide
range of design variables. Furthermore, the test sections were restricted to

overlays of jointed concrete pavement.
RESEARCH APPROACH

The research objectives were accomplished primariij by ebalﬁating the
performance of inservice crack and seat and overlay ﬁrojécfsEiﬁ'seveial
locations in the United States. In the course of this eVal@ation, an
extensive database was developed that contained informatisﬁ regarding measured
field performance, origihal pavement and rehabili;ation7d§sign, traffic, and
environmental data. The following procedures were used;t6 obtain the above-

mentioned data elements:

¢ The original pavement design and overlay designs were determined from
as-built plans and specifications.

* Field condition surveys were conducted on each pavement section to
determine the performance of the overlay.

o Historical traffic volumes and classifications were obtained from the
State highway agencies for each project.

e Environmental data were taken from documentation of the monthly
normals of temperature, precipitation, and heating and cooling degree
days from the National Oceanic and Atmospheric Administration.

The data were assembled in a temporary database created by the SUPERCALC 5
Program for future inclusion into the main project database. 6] Engineering
analysis of the data was done to determine the performance of the crack and

seat and overlay projects.



2. THE REFLECTION CRACKING PROBLEM

The following background information and the information about failure
mechanisms are paraphrased from chapter 2 of the FHWA report, "Improved Design
and Construction Procedures for Sawing and Sealing Joints in AC Overlays Over
Existing PCC Joints,” since the reflection cracking problem is the same

regardless of the overlay treatment. (@

BACKGROUND OF REFLECTION CRACKING

Reflection cracking in an asphalt concrete overlay has always been a
perplexing problem for highway engineers. This problem is becoming
increasingly important because of the shift from new highway construction to
rehabilitation of the existing highway system. The need for more pavement
overlays increases the probability that more reflection cracking of pavements

will occur around the country.

Perhaps Treybig-et al. best defined this type of pavement distress:

...Fractures in an overlay or surface that are a result of, and
reflect, the crack or joint pattern in the underlying layer, and
may be either environmental or traffic .induced. '

Treybig et al. go on to state that:

...It is imperative that such cracking be prevented or controlled

in order to provide a smooth riding surface, maintain the structural
integrity of the overlay, and prevent the intrusion of water into
the pavement system.

Attempts to prevent the occurrence of these reflective cracks have been
reported in the literature as far back as 1932.[ Since that time, most
advances in the state of the art for reflective crack prevention have come
primarily from the experience gained froﬁ trial-and-error experiments on
inservice pavements. Only in the last 10 to 15 years have theoretical studies
of reflection cracking been conducted. While these studies have not succeeded

in developing a method that successfully prevents reflection cracking, they



have provided a better understanding of the mechanisms that cause an overlay

to fail in this manner.

FATLURE MECHANISMS

An important step in developing a method to control reflection cracking
is to develop an understanding of the mechanisms that cause such failures.
Pavement researchers generally agree that the primary mechanisms leading to
the development of reflectiocn cracks in an asphalt concrete overlay are the
horizontal and differential vertical movements at joints and cracks in
the existing pavement with horizontal movements being considered more
critical .M These damaging horizontal movements are caused by seasonal

temperature changes and daily temperature cycles.!'']

Traffic loadings are considered to be responsible for differential
vertical movements that occur at underlying joints with poor locad transfer and
at working cracks, Jayawickrama et al. have stated that three stress pulses
occur as .a moving wheel load travels across an underlying joint or crack as

illustrated in figure 1.""*'Y According to Jayawickrama et al.:

As the wheel load approaches the crack, the shear stress in the
overlay above the crack will reach a maximum illustrated as point
A.... When the wheel is directly above the crack, the maximum
bending stress will occur as illustrated by point B.... As the
wheel load crosses the crack, a second maximum shear stress in the
reverse direction will occur as illustrated by point C....!™

These stress pulses induce cracking in two distinct modes: opening
(Mode I) and shearing (Mode II). These two stress modes are illustrated in

figure 2.

Seasonal temperature changes and daily temperature cycles cause
expansion, contraction, and curling in the existing slabs and overlay. The
actual amount of movement is controlled by the temperature change, thermal
coefficient of expansion of the pavement materials, the joint or crack
spacing, .and the amount of friction between the slab and base layer and

also between the overlay and the PCC slab.[']
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The seasonal lowering of températures causes the existing PCC pavement to
contract, which results in horizontal movements at the joints and cracks. As
a result of this movement, the overlay is subjected to tensile stress
concentrations in the opening mode as shown in figure 3. 1In addition, the
overlay itself reacts to the lower temperatures, which results in additional

tensile stress as shown in figure 4.

Daily temperature cycles also cause a tensile stress in the overlay.
When a PCC pavement is subjected to a temperature gradlent through its depth,
it will tend to curl. If the top of the slab is warmer than the bottom, the
curling will be concave downward. If, however, the top of the slab is cooler
than the bottom, the corners and joints of the slab will tend to curl upward
as shown in figure 5. This upward curling produces an opening at the joints,

causing an increasé in the tensile stress in the overlay.
REVIEW OF CRACK AND SEAT AND OVERLAY PROCEDURES

The concept of cracking and seating the portland cement concrete slab
prior to overlaying is based on reducing the movement of the cracked slabs
under the overlay. Horizontal movements causéd by thermal effects and
vertical movements with differential slab deflections caused by traffic
loadings are both contributing factors to the reflection cracking.problem.

The intent of cracking the pavement is to create pleces small enough such that
horizontal movement will be reduced but full aggregate interlock will still be
maintained. In this manner, reflection cracking will be reduced and the
existing PCC pavement should maintain much of its original structural

capacity.

Cracking and seating of portland cement concrete pavements before placing
an overlay has been used as a rehabilitation technique for almost 30 years.
Historically, several different procedures and patterns of cracking have been
used. The procedure of using a 50-ton pneumatic roller to break badly
curled pavement slabs and seat them in the underlaying base was used in
Minnesota.['"*'®"] Of five States using heavy rollers to break and seat PCC

pavement in 1968, all had apparent success in retarding reflective cracks.!'¥
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One of the earliest and most extensive reports on cracking and seating

was written by Lyon in 1970.0'3

He reported on a. 10-year field study in
Louisiana that determined the feasibility of using a 50-ton pneumatic-tire
roller and an impact hammer to crack and seat the curled concrete pavement
slabs on a wet subgrade. Lyon concluded that the best results were obtained

when the hammer was used in conjunction with the roller.

It should be noted that most of the aforementiomed research with rollers
was carried out on PCC pavements on wet. subgrades. According to Lyon, good
results would not be expected on dryer, stronger subgrades. He recommended
that this procedure only be used on projects where the subgrade moisture
content was at optimum to 5 percent above the optimum value. This
recommendation was confirmed when the use of a heavy roller failed to crack an
8-in concrete pavement in California. Because the slabs did not always break
as planned when using a. roller, this procedure never gained much popularity.
Instead, the emphasis in recent years has shifted towards cracking the
pavement with pavement breakers that have been modified to suit the pavement
cracking process and then seating the pieces with a heavy pneumatic-tired

roller.

Design Procedures for Cracked and Seated PCC

Since its inception, the crack and seat overlay procedure has
remained a controversial rehabilitation technique. One of the reasons for
this is the lack of an established pavement structural design method using the
crack and seat and overlay technique. Most agencies using the crack and seat
method rely on their past experience and engineering judgment when designing
an overlay thickness. The new AASHTO Design Guide does, however, provide a

procedure for the design of a "break and seat" overlay.

The AASHTO method offers two alternatives for designing overlays on

cracked and seated pavements. ™

The equations for the two alternatives are
given in table 1. The first approach assumes that a nominal slab fragment
size of approximately 30 in will be obtained after cracking the pavement.
With this particular crack spacing, the existing concrete slab is assumed to

have an effective (in situ) structural number that represents 40 percent of
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its precracked structural number. This value along with the in situ layer
properties for all pavement layers, other than the existing concrete, as
determined by nondestructive testing (NDT), is then used to calculate the

required thickness of the asphalt overlay.

The other approach is a postcracking design that uses NDT to determine
the actual in situ properties of the cracked pavement. Depending on the
particular design and construction sequence of each project, this approach

will not always be feasible.

The equations shown in table 1 have two different forms: for a "normal"
structural overlay and for a "break and seat" overlay. Regardless of which
equation is selected, the form of the equation is the same. Essentially, the
structural number of the overlay, SNg, is the total structural number, SNy, of
a new design minus the effective structural capacity of the existing pavement
system. As seen in table 1, the most significant difference in the equation
is how the "effective" structural capacity 1s determined. The "normal"
structural overlay uses NDT to determine in-situ layer properties, E, from
backcalculation techniques. The remaining life factor, Fg, is determined by

the normal AASHTO procedure,

The AASHTO "break and seat" equations also use NDT as a postcracking
evaluation to determine the structural capacity of the cracked slabs. In the
first equation, a value of Fq = 0.7 was selected since the cracking process
transforms the pavement into a common "state of damage."” The SNes, is the
same for all equations. It represents the effective structural capacity of

the sublayer, which can be the aggregate subbase or base layer.

After the design analysis begins, the engineer must assign "a structural
layer coefficient (a)" to the crack and seat PCC layer. In the AASHTO Guide,
it is noted in table 5.5 that "a" varies from 0.35 for a nominal crack spacing
of approximately 2.0 ft to a value of 0.45 for a nominal crack spacing of 3.0
ft. Pennsylvania uses engineering judgment to assign an "a" of 0.2 to the
cracked and seated PCC slab. The National Asphalt Paving Association (NAPA)
suggests that "a" should be between 0.28 and 0.32.

14



Table 1. AASHTO overlay equations used in flexible overlays
over existing rigid pavements. [20]

Major Overlay Condition Specific Method Used SNolEquation
Normal Structural Overlay NDT Method 1 SN, = SNY- FalO8D 4+ SN.eH_w)
NDT Method 2 SN, = SNV- Fr SN en
Visual Cendition Factor SN, = SNv -Fala,0, + SN, rp
Break-Seat Overlay Esst;:c?;igng Nominal Crack SN, = SNy- 071040, + SN )
Post Cracking NDT
{aINDT Method 1 SN, =SN -0.7(a, D, + SN, )
{b) NDT Method 2 SNDI = SNV' 0.7 SN“H

Special Note: The coefficient of D_(ie..0.4) actually varies from 0.35 for a nominal erack spacing of approximately 2.0ft.
to 8 value of 0.45 for a nominal crack spacing of approximately 3.0 f1.
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Other States such as Minnesota convert the crack and seat PCC slab to an
equivalent asphaltic concrete thickness using a conversion factor of 0.7.
This defines an "a" value of 0.28. Wisconsin assigns an "a" value of 0.20 to
0.25. Overall, the range of "a" values for crack and seat PCC slabs is from

0.2 to 0.45,

The minor exception to this is Kentucky, which assumes an "equivalent

thickness™ of crushed stone with an "a" equal to 0,13.@1

Michigan does not have an overlay design procedure for crack and seat
overlays. They have used a variety of reasons to select overlay thicknesses

ranging from 2 to 8 in.®

California’s current practice is to crack and seat PCC slabs in most
instances where an AC overlay has been designated as the rehabilitation
strategy.® In California’s design, two alternative crack patterns are
used.P? The existing PCC slabs are cracked into nominal 4 ft by 4 ft
subpanels if the pavement will be overlaid prior to opening to traffic. If
the cracked pavement is to receive traffic before being overlaid, the existing
PCC slabs are cracked into subpanels measuring 6 ft transversely by 4 ft
longitudinally. This crack pattern aveoids a longitudinal crack in the wheel
path. California uses a standard thickness design of 1.2 in of leveling AC
with 3.0 in of surface material. The overlay contains an interlayer of paving
fabric (polypropylene, nonwoven polyester, or pelypropylene/nylon materials).
Slotted plastic edge drains are also installed to facilitate the removal of

trapped water.
Cracked Slab Size

An important desipgn consideration in crack and seat overlays is
determining what size the cracked pieces should be. Few theoretical data are
available for determining the optimum size of the cracked pieces. Engineering
experience implies that the smaller the size of the cracked pieces, the better
the chance that reflection cracking due to thermal movements will be reduced.
However, cracking the concrete pavement into small pieces greatly reduces the

effective slab structure of the existing concrete layer and causes it to
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behave much like a flexible or semi-rigid system. Consequently, there should
be some optimum compromise In cracked slab size to maximize the structural

support of the existing slab.

A typlcal PCC slab that is intact can be evaluated with various
structural models including those as simple as Westergaard equations. Modulus
values for the intact slab can be backcalculated with finite element programs
such as ILLISLAB or with deflection basin calculations using "AREA" and

deflection inputs.®

After the PCC slab has been cracked, the slab can have segment sizes
ranging from small "shattered” pieces to a size of 30 to 40 in or even larger
(up to 6 ft). It has been assumed that the broken slab does not have any
moment carrying capacity. The broken pieces, however, do have shear transfer
between the slab segments due to aggregate interlock. Also, as the slab size
is reduced, the flexural stress in the slab will decrease. Because of this,
the "modulus" of the cracked PCC slab can be much less than the original slab.
Surface deflections and subgrade stress (fine-grained soil can be stress
dependent) will increase. The resulting performance of the cracked slab is

therefore a function of the size of the pieces.

In the past, a major problem during the breaking of JRCP slabs has been
with rupturing the reinforcing steel. Several of the older devices that have
been used to break the concrete did not shear the steel or break the bond with
the concrete. Consequently, the fragmented pieces were still held together.
This situation does not permit an effective seating of the broken fragments.
Since the steel holds the fragmented pieces together, horizontal movements can
be very similar to uncracked pavements. Cracking devices that will break the
bond between the concrete and the steel are now available, and thus the

problem can be reduced.

As an alternative to cracking JRCP slabs in order to reduce the joint
movement caused by changes in temperature, Minnesota has attempted to reduce
the existing concrete pavement panel size by sawing new skewed transverse
joints.®! The theory is that, with reduced panel size, the joint opening

caused by thermal stresses will be smaller, resulting in a reduction of the
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stresses on the AC overlay at the joints. The saw cuts were skewed so that
any reflective cracks that developed over these cuts would have a minimum
impact on the rideability of the new surface. The 39.3-ft existing panels
were saw cut into two sizes--13.1 ft and 6.5 ft. After the saw cuts were
made, a 5 1/4-in AC overlay was placed. The study concluded that, of the four
methods tried (saw cutting, full coverage fabrics, strip fabrics, and stress
absorbing layers), the five saw cuts per panel (aleng with the stress
absorbing layer) was the most effective procedure in terms of ability to

reduce the amount of reflective cracking.

As in the case of any overlay design, most agencies rely on their past
experience and engineering judgment when determining the optimum cracked piece

size for a particular project.

Slab Cracking Equipment

The first step in the crack and seat and overlay construction process is
to effectively crack the existing concrete slabs to the desired slab size.
The typical range of slab size is approximately 18 in to 48 in. Today, some
agencies "rubble" the slab into very small pieces (4 to 6 in), which is

considered to be another option to the crack and seat technique.

Most pavement breakers in use today have been specially designed and

modified to suit the cracking process. The variety of equipment includes:

Pile drivers.

Drop-type guillotine hammers.
¢ Twmpact hammers.

¢ Resonant breakers.

The equipment manufacturers have used very ingenious methods to develop

equipment capable of breaking a concrete slab.™
Whip hammers are devices that have been developed as a direct result of
the cracking and seating process. This versatile machine is mounted on the

rear of a conventional truck. The whip hammer is a 6-ft-long leaf-spring arm
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that can be controlled in a horizontal as well as a vertical direction, which

enables the machine to crack an entire lane width in one pass.

The gulillotine machine utilizes a large steel-edged breaking head that is
approximately 3 ft wide and weighs 5 to 7 tons. The amount of impact can be
varied by changing the stroke height. This machine is ideal for making
transverse cracks, which, according to current thinking, are the most

important cracks in the process.

Another common type of pavement breaker is a pile driver with a modified
shoe. The hammer is frequently mounted on a tractor-drawn trailer. The rate
of impact is varied by changing the fuel input into the machine. These
machines are capable of a wvery high rate of production, but are considered

noisy and dirty.®#]

After a pavement breaker has cracked a lane of pavement, it has been
found necessary, on most projects, to place water on the cracked pavement to
reveal the crack pattern. On dry, properly prepared pavements, the crack
pattern is difficult to see. Without spreading water to locate the crack
pattern, it is difficult for inspection personnel to determine if the desired
crack pattern has been achieved. 1t is ecritical that the slab be broken to

the point where cracking can be seen.

Cracking of JRCP

As was mentioned above, reinforcing steel in JRCP can present a problem
for the cracking process. To facilitate the cracking process, some States
have sawed the pavement transversely to reduce slab size. Michigan has sawed
slabs into 20-ft pieces, while West Virginia has used 15-ft spacings.
Regardless of the type of equipment or whether slabs are presawed, the bond
between the concrete and the steel must be broken or the steel must be

ruptured.
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Seating of the Slabs

In many cases, old concrete pavements have warped panels or voids in the
subgrade caused by pumping. After the pavement has been cracked, it is
essential that the pavement be rolled thoroughly to ensure that all of the
cracked pieces are firmly seated on the existing sublayer. Without proper
seating, the cracked pieces might rock and cause reflection cracking in the

asphalt concrete overlay.l

In general, in the past, a 50-ton pneumatic tire roller has given the
best results in seating cracked pavements. Two passes with this roller have
proven successful on some projects. It has been reported that too many passes
of the roller have resulted in loosening the cracked pieces instead of seating

them, 7

Indiana has conducted some recent research in an attempt to determine if
the seating of cracked pieces 1s actually beneficial. During the
rehabilitation of a 12.4-mi section of I-74 in 1984, deflection measurements
were made after cracklng the slabs and after application of a variable number
of passes by a 50-ton pneumatic-tired roller to determine the degree of
seating.®™ Dynaflect measurements were taken after three passes on most
sections and after a variable number of passes for seven additional
subsections. The deflection measurements obtained in this study before
rolling and after a given number of passes of the roller are plotted in
figure 6. The slope of each line represents the average increase in
deflection per pass for each section tested. The combined average increases
in deflections were 2.3 x 10% in/pass for the No. 1 sensor and 0.8 x 120°

in/pass for the No. 5 sensor.

As can be seen in figure 6, the deflection of both the Ne. 1 and No. 5
sensors ilncreased with each pass of the roller. Thus, the concrete slab and
the subbase lost strength with each pass of the 50-ton roller. The
researchers conducting this study concluded that rolling with a 50-ton roller
should not be used since it unseats the pieces rather than seats them as was

intended.
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California has also conducted research into the benefits of seating the
cracked pavement.™! 0On a 1,500-ft test section of pavement mear Davis, a
vibratory sheepsfoot roller with a rolling load of 44,000 1b was used to seat
the pavement after cracking. The machine was set to produce 1,700 vibrations
per minute with a rolling speed of 5 mph. Deflection measurements made after
seating showed that deflections after seating operations were actually greater
at 23 of the 42 measuring locations. 1In addition, 8 locations indicated
additional reduction in deflection, while 11 exhibited no change. Thus, at
approximately 80 percent of the measuring locations, the seating operating had
either a negative effect or no effect at all on differential vertical

movements at joints and cracks.®™

A second study was conducted on US-99 in Bakersfield, California, to
determine the benefits of seating the cracked pavement.®! A 13-ton vibratory
sheepsfoot roller was used to roll the typical rolling sections, while a
single section was seated using a 13-ton rubber-tired roller. Deflection
measurements were made before cracking and seating, after cracking, and after

seating. The results of the deflection testing are summarized in table 2.F'

The study concluded that "seating broken PCC slabs using a vibratory
sheepsfoot or a pneumatic rubber-tired roller had little effect on
differential vertical measurements. There was no detectable difference

between these two methods of seating slab segments.”

Just as there is debate concerning the size of the cracked slab, there is
no consensus as to the proper seating technique. It should be kept in mind
that the objective of slab seating is to ensure that the cracked segments are
in contact with the sublayer. Experience has shown that some rolling must
take place, but it is easy to over-roll the slab. It appears that five passes
by a 35-ton pneumatic-tired roller are best; three passes of a 50-ton
pneumatic-tired roller are also acceptable.®™ Steel drum rollers tend to

bridge the slabs, and their use has not been successful.
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Table 2. Deflection testing results.

After Breaking/Before Seating

Change in Deflection Number of Joints : Amounts
Reduced 36 of 39 (92%) : Average = 0.006 in
Increased 1 of 39 (3%) Average = 0.001 in
Unchanged 20f 39 (3%  eee---

After Seating

Change in Deflection Number of Joints Amounts
Reduced 9 of 35 (26%) Average = 0.001 in
Increased 14 of 35 (40%) Average = 0.001 in
Unchanged 12 of 35 (34%)  =ee---

Other Considerations with Crack and Seat Treatment

Several State agencies have added edge drains on their crack and seat
overlay projects. The benefits of the edge drains have not been documented.
There has been some concern that fines are created during the cracking process
and that these fines will migrate and clog the drainage system. The

detrimental effects have not been confirmed.

With respect to the asphalt concrete overlay, conventional construction
practice has been used without any problems. The only suggestion has been to
avoid traffic on thin asphalt concrete lifts. California suggests that the
"full overlay thickness" should be placed to avoid cracking of a thin lift if

traffic is allowed on the overlay during constructionm.
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3. DATA COLLECTION PROCEDURES

Five categories of data were used in the analysis and the development of
improved design and construction procedures: original PCC pavement design
factors, overlay design factors, measured field performance, traffic, and
environmental data. These data were obtained from pavement condition surveys,
State highway agency as-built plans and special provisions, and other agency
records. In general, the procedures specified in the "Distress Identification
Manual for the LTPP Studies" were used.’? This chapter describes the
pavement sections selected for the study, the procedures used in collecting

data, and the types of data obtained.
SELECTION OF STUDY SECTIONS

Pavement sections suitable for study were identified by several methods.
An extensive literature search identified experimental projects, research
projects, and other pavement sections for which performance data had been
reported in published studies. A computer search of the Transportation
Research Information Services (TRIS) on-line computer files was conducted by
the FHWA; in addition, a manual search of the card catalogues and HRIS
abstracts of the library of the contractor was conducted. Publications from
major transportation organizations such as the Transportation Research Board,

FHWA, and the National Cooperative Highway Research Program were reviewed.

The literature search indicated that 24 States have had experience with
crack and seat overlay projects. Only a few of these States either have an
experimental plan or use the technique on a regular basis. From these States,
the actual study sections were selected using several criteria. The first
criterion was to have study sections located in each of the four major
environmental zones of the country. Figure 7 shows the distribution of States

containing selected projects on an environmental basis.
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Figure 7. States selected for crack and seat overlay study.

The literature search showed that several Important design features are
associated with crack and seat overlays. Included are the overlay thickness,
size of cracked pieces, and the type of existing pavement (JPCP or JRCP) that
is cracked and seated. The study sections were selected based on their
ability to address as many of these design features as possible while staying
within the resources of this study. They were also selected to be in Phase I
States. The B projects selected for study contained 20 crack and seat

sections and 9 control sections. Table 3 lists the 29 selected pavement

sections.

Perhaps the most important design feature is the type of existing
pavement (JPCP or JRCP) that is cracked and seated. The presence of
reinforcement in the existing pavement is considered to have a significant
impact on the performance of this rehabilitation technique. Figure 8 shows
the distribution of pavement type (plain or reinforced) by environmental zomne
for crack and seat overlay sections. Only the Wisconsin sections were

nitially constructed with reinforced concrete pavement. The Wisconsin

sections are also the only study sections in the wet-freeze environmental

zone .
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Table 3. Pavement sections selected for inclusion in the study.

Pavement
Project No. Route Location Lane Type
CA 9-1 SR 99 Bakersfield County, CA (control) SB JPCP
CA 9-2 SR 99 Bakersfield County, CA SB JPCP
CcA 9-3 SR 99 Bakersfield County, CA (control) SB JPCP
CA 9-4 SR 99 Bakersfield County, CA SB JPCP
CA 9-5 SR 99 Bakersfield County, CA SB JPCP
CA 9-6 SR 99 Bakersfield County, CA SB JPCP
CA 9-7 SR 99 Bakersfield County, CA SB JPCP
CA 10-1 I-80 Davis County, CA WB JPCP
CA 10-2 I-80 Davis County, CA WB JPCP
CA 10-3 I-80 Davis County, CA WB JPCP
CA 11-1 I-80 Albany County, CA (control) WB JPCP
CA 11-2 I-80 Albany County, CA WB JPCP
CA 12 I-5 Yreka County, CA NB JPCP
FL 4-1 1-4 Hillsborough County, FL (control) EB JPCP
FL 4-2 I-4 Hillsborough County, FL EB JPCP
MN 7-1A TH-71 Willmar, MN NB JPCP
MN 7-1B TH-71 Willmar, MN SB JPCP
MN 7-2A TH-71 Willmar, MN NB JPCP
MN 7-2B TH-71 Willmar, MN SB JPCP
MN 7-3A TH-71 Willmar, MN (control) NB JPCP
MN 7-3B TH-71 Willmar, MN (control) SB JPCP
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Table 3. Pavement sections selected for inclusion in the study (continued).

Pavement
Project No. Route Location Lane Type
Wl 1-1 I1-94 Eau Claire, WI (control) EB JRCP
WI 1-2 1-94 Eau Claire, WI EB JRCP
WI 1-3 1-94 Eau Claire, WI EB JRCP
Wl 1-4 1-94 Eau Claire, WI EB JRCP
WI 3-1A SH 140 Rock County, WI NB JRCP
WI 3-1B SH 140 Rock County, WI SB JRCP
WI 3-2A SH 140 Rock County, WI (control) NB JRCP
Wl 3-2B SH 140 Rock County, WI (control) SB JRCP
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Cracked piece size ranged from a minimuwn of 6 in by 10 in to a maximum of
3.75 ft by 11 ft. The distribution of the cracked piece size area by pavement
type is shown in figure 9. Only the reinforced sections were cracked/broken
into small pieces; all of the reinforced sections were broken into pieces
smaller than 1 ft?. Earlier studies have shown that an overlay range of 3 to
7 in was commonly used on crack and seat projects. Consequently, study
sections were selected that provided overlays within this range. The
distribution of overlay thicknesss is shown in figure 10. As can be seen from
this figure, overlay thicknesses are, for the most part, evenly distributed
throughout the 3 1/2- to 7 1/2-in range with the 3 1/2- to 5-in overlay being
the most heavily represented. In addition, figure 1l shows the interrelation

between the overlay thicknesses and crack patterns.

The ages of the selected overlays ranged from a minimum of 4 years to a

maXximum of 11 years. The age distribution is shown in fipure 12.

The original PCC pavement and rehabilitation designs were determined from
as-built plans, specifications, and special provisions, which were obtained
from the appropriate State agency for each study section. The original PCC
pavement and rehabilitation design variables obtained (when available) during

the study are summarized in tables 4 and 5, respectively,

FIELD DATA COLLECTICON

Three categories of field data were collected: pavement distress,
roughness, and deflections. These data collection efforts are described in

the following sections.

Pavement Distress

A thorough condition survey was conducted on each pavement section. The
Wisconsin sections were surveyed in early May 1988; the remainder of the
sections were surveyed during July and August 1987. The "Distress
Identification Manual for the LTPP Studies™ was used as a guide to identify

the types, severities, and quantities of the various distress.2 Table 6

29



B JRCP [ JPCP

NUMBER OF SECTIONS

.25-1 8-12 24—40
SMALL MEDIUM LARGE

CRACKED PIECE AREA (ft°)

Figure 9. Distribution of cracked piece size area
by pavement type for crack and seat study sections.
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Approximate Asphalt Concrete Overlay Thickness (in)

Maximum Cracked
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Figure 11, Experimental matrix for crack and seat

overlay thickness and crack patterms.
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Table 4. Original PCC pavement design variables.

Identification and Location Data

Project ID

Date of data collection

Highway number

Direction of survey

Test section location (beginning and ending mile
markers or stations)

Date constructed

Geometric and Shoulder Data

Number of through lanes (one direction)
Lane width

Lanes included in study section
Qutside shoulder width

Inside shoulder width

Shoulder surface type

Shoulder base type

Shoulder surface thickness

Shoulder base thickness

PCC Pavement Joint Data

Average construction joint spacing
Skewness of transverse joints

Table 5. Rehabilitation design variables.

Variables

Date of construction of AC overlay
Thickness of AC overlay

Presence of fabric in overlay

Size of cracked pieces

Type of cracking equipment

Type and weight of rolling equipment
Broken pavement exposure to traffic
Preoverlay repair information
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contains a summary of the types of distress data collected during the field

surveys.

Table 6. Pavement distress data collected during the field surveys.

General

Date of distress survey
Lane number
Number of transverse joints in the study section

AC Overlay Distress

Alligator cracking

Bleeding

Block cracking

Crack between lane and shoulder
Longitudinal cracking

Longitudinal joint reflection cracking
Mean lane shoulder dropoff

Mean rut depth inner wheel path

Mean rut depth outer wheel path

Patch deterioration

Potholes

Pumping and water bleeding
Raveling/weathering

Transverse cracking

Transverse joint reflection cracking
Transverse reflection cracking at patch

Roughness

The roughness of each pavement section was determined using a May's Ride
Meter--an electromechanical device that continuously logs the pavement surface
by recording the magnitude, direction, and summation of rear axle to body
excursions of its patent automobile together with synchrenized distance
increments.™ This is accomplished by a photocell sensing system that drives
a stepping motor for pen and chart movements on a paper tape recorder. By
measuring the amount of chart movement per unit of road length traveled, a

roughness index, in inches per mile, was computed for each study section.
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The same automobile was used for all measurements to provide
compatibility of results. In addition, standard pavement sections were rated

before and after each distress collection trip to maintain calibration.

In addition to the roughness measurements, the survey crew rode each of
the pavement sections to give a subjective present serviceability rating

(PSR).

Deflections

Pavement deflections were measured on each cracked and seated study
section to determine the stiffness of the pavement layers and foundation. The
deflections were measured using a Falling Weight Deflectometer (FWD) at three
approximate load levels: 9,000, 13,000, and 17,000 1b. Deflection

measurements were made in the wheel path at approximately 100-ft intervals.

The Minnesota deflection data was collected by the Minnesota Department
of Transportation. Thls data was collected at slightly lower load levels.
These deflection measurements were normalized so that direct comparisons could

be made.

TRAFFIC DATA

Traffic volumes, Including percentage of truck traffic, were collected
from the appropriate State highway agency for each study section. Requests
were made to the State agencles for traffic volumes from the time the pavement
was opened to traffic to the date of survey. However, in some Instances
traffic counts were unavailable for each year the overlay experienced traffic

and thus traffic data quite often had to be Iinterpolated and extrapolated.
ENVIRONMENTAL DATA

Environmental data were taken from documentation of monthly temperatures
and precipitation published by the National Oceanic and Atmospheric

Administration. The nearest weather statlon was assumed to be representative

of the environmental conditions at each study section. 1In addition, the U.S.
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Army Corps of Engineers freezing index contour map was used to determine the

(34]

mean freezing indices of the study sections. Table 7 summarizes the

environmental data elements that were collected. '
DATABASE DESCRIPTION

The raw data obtained from the aforementioned sources were in several
formats, such as field distress forms, construction plans, and research
reports. After reduction, these data elements were entered into a database
that resides on a hard storage disk of an IBM personal computer. SUPERCALC 5
was used to manage the database; this software enabled researchers to
efficiently enter, retrieve, and manage data. The data elements can be
easily exported in several forms. The completed database has also been
incorporated inte the overall UNIFY database developed to compile all phases

of this research effort.
DATABASE SUMMARY

The data elements that were collected from the crack and seat sections
are presented in tables 8 through 1l4. Many of the data fields represent the
raw data; however, several of the fields are the results of data analysis.
For example, the 18-kip ESALs were calculated based upon ADT, growth rates,

and truck factors. Data elements that were not available are listed as K/A.
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Table 7. Environmental data elements collected in the study.

Temperature

Average monthly temperature

Average maximum daily temperature by month
Average minimum daily temperature by month
Freezing index

Elevation above sea level

Precipitation

Average monthly precipitation
Average annual number of days of precipitation
Thornthwaite Moisture Index

General

General type of environment (zone)
Visual indicators of poor drainage

Creoss-Section

Longitudinal slope

Transverse slope

Cut or fill depth

Depth of ditch line

Lane/shoulder joint integrity

Type of subsurface drainage present
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Table 8. General and crack and seat method data.
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Table 9. Environmental data.
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2:SR 99, BRKERFIELD COUNTY, (A:CRA 9-49 :0RY-NO FREEZE : 0 : 0 3 93 : 38.7 : BO.3 : S5.72 : 35S 11903 ::
$:SR 99, BRKERFIELD COUNTY, CR2CA 9-5 :DRY-HO FREEZE 3 0 0 : 99 : 3.7 1 K0.3 : S5.7v2 : 3se2s 11903 11
2:SR 99, BHEERFIELD COUNTY, CA:CRA 9-6 :0RY-ND FREEZE : 0 : 0 : 99 = 238.7 : E0.3 : S.v2 : aSaS s 11903 ::
::SR 99, BAKERFIELD CQUNTY, CA:CA 9~? :0RY-NO FREEZE 1 0 [P} 99 : 38.7 : H0.3 ¢ 5.72 : 352S : 11903 1:
::1-80, DAVIS COUNTY, CA :CA 10~-1:DRY-NO FREEZE ~10 ¢ 0: 93.2: 3IT.2: 6 : 1?.14 : 3B32 : 12146 33
::1-80, DAVIS COUNTY, CH :CA 10-2:0RY-NO FREEZE : -10 : 0 : 93.2 : 37.2 : 6 @ 17.14 ¢ 3832 12116 ::
::[-80, DAVIS COUNTY, CA :CA 10-3:DRY-NO FREEZE : -10 0: 93.2: 37.2: 56 2 17 14 ¢ 3e32 12146 ::
t:1-80, ALBRAHY COUNTY, CA :{A 11~-1:0RY-NO FREEZE : 0 : 01 ?P1.7 = 43.2 : 28.5 : 23.24 : rse 12215 ::
::1-80, ALBANY COUNTY, CRA sUA 11-2:0RY-NO FREEZE : 0: 0 : ?1.7 : 43.2 : 28.5 : 23.21 : 3Ie52 = 12219 ::
A : 1 : H H : 3 : H H is
::1-5, YREKA COUNTY, CAh -fﬂ 12 :HET-NQ FREEZE : 20 : 0: 9J0.?7 : 249.6 : 66.1 : 19.2 : 1143 : 12239 ::
z:1-4, HILLSBORQUGH COUNTY, FL: FL 4-1 :HET-NO FREEZE : 20 D : 91 : 51 : 40 : 46.73 = 2vS8 : 89232 :=:
s:I-4, HILLSBOROUGH COUNTY, FL:FL 4-2 :uET-NO FREEZE : 20 s 0 : 91 : 91 40 : 46.73 : 2vL8 3232 ==
:3TH-?1, HILLHAR, HN :HN - IR DRY/HET-FREEZE: 0 : 2000 : 83 : -0.49: ©83.49 : 27.71 : 4508 : |50y =3
::TH-71, HILLHAR, HN :HN ?-1B:0RY/HET-FREEZE: 0 : 2000 ¢ B3 : -0.49 : B83.49 : 27.71 : 4509 = 4501 ::
2:TH-?1, HKILLHAR, HN :HN ?-2R:DRY/HET-FREEZE: 0 : 2000 : B3 : -D.4 : BI. 4 : 27.71 32 45n8 3 IS01 =
2:TH-?1, HMILLHAR, HN :FN P-28:0RY/HET-FREEZE : 0 : 2000 : 83 : -0.9: B83.4 : 27.71 : 4503 : 5501 ==
1:TH-71, HILLHAR, HN sHN ?-3A:0RY/HET-FREEZE: 0 12 2000 1 B3 : -0.4 : BA. 4 : 27.71 : 4508 3 3501 ::
s:TH-?1, HILLHAR, HH :HN ?-38:0LRY/HET~FREEZE: 0 : 2000 : 83 ¢+ =-0.4 : 8B3I. 4 : 27.71 : 45083 : 4501 ::
:3 H : : 3 ] : : : : : HH
t3l-94, EAU CLAIR, HI :HI 1-1 :HET-FREEZE 1 40 : 1500 2 Q6 : 6 : an : 30.31 445S : 3130 =3
1:1-94, EAV CLAIR, HI tHl 1-2 :HET-FREEZE : 40 1500 3 86 1 6 : 60 : 30.31 : 4455 9130 s
::1-94, EAU CLRIR, HI tHI 1-3 :HET-FREEZE : 40 = 1500 g6 : & : g) : 30.31 = 445S : 3130 ==
t:1-94, EAU CLRAIR, HI tHI 1-4 :HET-FREEZE H 40 1500 : 86 : 6 : 80 : 30.31 : 4455 : 9130 ::
11SH 1490, ROCK COQUNTY, HWI 1Hl 3-1AR:HET~FREEZE H 30 1 aes ¢ 64.9 : 11.1 : 73.8 3 32 4230 1 a302 2
:2SH 140, ROCK COUNTY, HI :Hl 3-10:HET-FREEZE H 30 : 8B7S : B84.9 : 11.1 : 73.8 : 32 = 4230 0902 ::
1:1SH 14D, RIOCK COUNTY, HI sHI 3-2A;:;HET-FREEZE ] 30 3 87S 1+ B84.9 1@ 11.1 1 73.8 : 32 4230 1 Y02 s
£:5H 140, ROCK COUNTY, HI :Hl 3-2B:HET-FREEZE : 30 3 7S : 84.9 : 11.1 : ?3.8 : 32 : 4230 : Uan2 ::
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Table

10.

"
1"

1

1

1 LOCATION

.1 - _———
1SR 99, BArERFIELD COUNTY,
11SR 39, BHFERFIELO COUNPY,
115R 99, BHLERFLIELD COUNTY,
11SR 99, B ERFLELD COUNTY,
s1SR 79, DWRERFIELD COUNtY,
11SR 99, HAKERFIELD COUNTY,
115R 99, PAKERFIELD COUNTY,
e

1i1f-80, DAVIS Counfy, CA
«1l-80, UAVIS COUNTY, (AR
¢1f-80, DAVIS COUNIY, CA

11 -
1¢1-80, ALBANY COUNTY, (A
111-80, RLBANY COUNTY, CA

1

:1l-3, YREKA COUNFY, CA

"

:tl-4, HILLSBOROUGH COUNTY,
ol -4, HILLSGOROUGH COUNIY,
"
wifu-21,
1:fH-2714,
1tfH-21,
sefH-T1,
11TH-?1,
s1lTH-21,

L]
HN
nN
HN
HN
N

WILLRAR,
HILLHAR,
WILLhAR,
HILLMAR,
MILLHAR,
WILLHAR,

. EAU CLALR, WI
EAY CLAIR, WL
€AY CLAlR, Ml
ERU CLAIR, WL

L}
1t-94,
"
115H 140, ROCK COuNfy, Ml
115H 140, ROCK COUNIY, Wi

U Peluewn AC and PCC

tProjeclt

t1SectioniPent

:10

LAICA
LH:(A
(A:C(A
{(A:CA
CACA
(A:CA
CA:(A
1
1A
(A
(A
1
[1d;]
:CA
:
H
'
FL:FL
FLIFL
1
shN
1hN
hN
1N
H, U
thN

[
L1
tHI
i1
Wt
]

(L1
Ml

(10

1 JPCPig
1JPCP 1t
s IPCPY
wIPCP:e
1JFCP s
1JPCPyy
1JP(Ps
' 1
10-11JPCP Yy
10-21JPCP1s
10-3¢JPCPa ¢

1 13
11-11JPCPts
11~24JPCP1¢

] 1]
12 :JPCPa:

] t
4-1 2 JPCP1a
4-2 1JPCPIy

1 1
7-1R1JPCPs
?-181JPCP: 3
?-2R1JPLP g
?-2B8:JPCP::
?-YALIPCP2
?-301JP(P::
] "
1JRCP s

[
1JRCP
[ "
3-1 ¢JRCPI
3-2 :JRCP1a

] 11AC NVEPLAY

FHILKNESS,

A
»

~=~

-
aNUAL

- w

-~

wuernu vu

4
4

1E, XST ¢
1from

DesigniCare/As Bull LiFHD 1

tmem—-
[ 1000 »
1923-10003
31500-1000;
1400~ 10002
[l 330 »
1230-429
$350-600

1]

t.- )30
H 356
] 330
Ll

1300-500
:300-500

N/A

500
506
[ '
1200~ 1000¢
2200~ 1000
»200-1000s
1200~ 1000
1330-900 »
:700-930

1200-130

] 225
1200~ 1000y
'

s
' ]
1300-473 1
]
[]

]
] NA
1 N/R 1

TOVERLAY:1 LONST.

OATE 11

1982
1982 11

PCC SURFNCE
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9.2 1S 1€0UN-850V 1
0.3 13 ¢SOQ0-200m)
9.9 15 t
9.2 3 15 :6000-?00 1
1 1 H
.21 19 3 2500 o
1 15 12500-3500 3
N/R ¢ 1S «200U-3000 3
] t :
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] ] 1

8.5 2 15 2 N/A
' : [

~-10 20 g 3500
91 20 2 23500

] ’ 1
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NsIv 13 1
H/A 15 11500-6000
H/R 1S 1 ]
H/A 13 ¢3000-7000 &
A 3 15 ¢ ]
' 1 []
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N/ 80 33%00-7100 &
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0.3 20 H/N ¢
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core

6306 § ?62.0 3
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4476 1 7O0.6 3
EG I N/A 2
] H
6207 1 811.3 ¢
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H/R H/A 3
H H
NP tsn
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1 ]
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] t
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N/A N/A 1
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NR H/A 2
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Table 1l1. Drainage and shoulder information.

HH] H H ] : : tOUTER SHOULDER :INNMER SHOULDER :SHOULDER: HH
iz : H :DEPTH :AVERAGE : HVERAGE: ~—~--~~=veceac-= FE L e St T : JUINT = T
23 tPROJECTs SUB- : OF :TRANS. :LONGIT.: 1 : : s SEAL : OVERALL 1:
] sSECTION:DRAINAGE :DITCH, :SLUPE, :SLOPE, :SURFACE :HIDIH, :SURFRACE :HIDTH,: DHNHAGE : CORATMRGE ;:
3 :PROJECT LOCATION : ID t Y/N 1 FT s » : ] s TYPE 1 FI : TYPE : Fr :N/L/H/7H sEVHLURATION::
11SR 99, BAKERFIELD COUNTY, CA:CA 9-~1 13 N H 1 : 1.04 2 0: Aac : 11 2 ar : J: N : GouD it
::SR 99, BRKEKFIELD COUNTY, CA:CA 9-2 : N : 2 : 1.04 : 0 : AC : 9.5 : RC H 3 s N : 610D s
2SR 99, BRLERFIELD COUNTY, CA:CA 9-3 N H 3¢ 1.04 : 0 s AcC : 9.9 3 (1] : 3 H : GUOD I3
::SR 99, BAKEIRFIELD COUNTY, CA:CA 9-4 : N : 6-8 : 1.04 : 0 : AC H 11 = ne : 3 : N : K000 HA
::SR 99, DAKEIRFIELD COUNTY, CA:CA 9-5 2 N ] 10 : 1.04 1 (VI AcC : 11 ¢ AC H 3 H H GNOD X ]
::SR 99, BRAKEIRFIELD COUNTY, CR:CA 9-6 : N : 6 : 1.019: 0 : AC : 9.9 : AC H J: N 1 [H{vIv]o] R
::SR 99, BAKERFIELD COUNTY, CA:CA 3-7 : N H 6 : 1.04 : 0 : RC H 11 : AC H 33 N : GOuD $:
=1 H H H : H H ] 3 : H : 1]
t11-80, OAVIS COUNTY, CA :CA 10-1: N ] 51 0 0 a RC ] 10 3 nc 1 N/A 3 N L Goon 11
1:1-80, DAVIS COUUNTY, CAH :CR 10-2; N H 5 3 0.52 : 0= HC : 10 ¢ HC : N/R g N [ Goun s:
::1-60, DAVIS COUNMTY, CR :CA 10-3: N H 5 : 0 : 0 RC : 10 ¢ AC s /R 3 N H G0QD t:
1: H : 2 : H : : H H : z t3
:11-80, ALBANY COUNTY, CA :CA 11-1: N L 3: 3.64: 0.68 : AC ] v AC s N/A g N H] GOOoD HY]
::1-80, ALBRAN'Y COUNTY, CR :CA 11-2: N : 3.5 : 6.25 : 0.52: AC : ?: RC : NNA s N [ 600D T2
21 ] ] L : H H H H H H H HA
:30[-5, YREKA COUNTY, CA :CA 12 : N H S: 2.08 : 2.08 = RC ] 10 : Ac : N/A = {1 H G000 ]
33 H 1 ] ] H ] ] ] H H H] 11
::I-4, HILLSBOROUGH COUNTY, FL:FL 4-1 : N H 4: 2.00: 1.0 : AC : 7.5 : AcC H 23 )} 3 GO0 ¥ ]
z:1-4, HILLSBIJROUGH COUNHTY, FL:FL 4-2 : N H 5S: 2.00: 1.04 : RC : 7.5 : 1] : 2 : L H PUOOR 13
HH : : t H : : : H : H H HH]
ssTH=-?1, HILLIMAR, HN tHH ?-1A: {] H ? 1 1.04 2 0 : RC 1 10 : MN/A : H/A 3 N H G000 it
2:TH~-?1, WILLHMHR, HN :HN ?-18: N H ?: 1,09 : 0: AC : 10 : N/A : N/A 2 N H GUUD B
t:TH-?1, KILLHAR, HN tHN ?-2A: N 3 6 : 1.09 3 1.04 ¢ RC 3 10 : H/R s N/A 1 N 3 G0oD [ R]
::TH-?1, HILLHAR, HN :HH ?-2B: N z 6 : 1.04 : 1.04 ;: RC s 10 = HN/R : N/JR N H GOUD 3:
2:TH-?1, HILLIHAR, NN thHH ?-3A:3 N [ 6 : 1.04: 1.049 : RC ] 10 = HN/A : H/A 3 H 3 GOOoD R
::TH-71, HILLIMAR, BN :HN ?-3B: N : & : 1.04 : 1.04 : AC : 10 : HN/R : N/ 2 N : GOUD HH]
11 : : H] ] : : : H H H 3 HH]
1:1-94, EAU CIL.AIR, HI :HI 1-1 : N 3 S : 1.04 : g : AC 2 9 : AC H 4 : N H Gooo K]
1:1-94, EAU CILAIR, HI Hl 1-2 12 N 3 14 1 1,04 ¢ 0: AC [] 9 RC H LI H 3 GNaoD t:
3:1-94, ERU CILAIR, HI :Hl 1-3 ¢ N : 12 ¢+ 1.04 : o : HC : 8.5 : ac : 4.9 : N : 500D B
11l-94, EAU CILAIR, HI tHI 1-4 : N 1 4-10 2 1.04 1 0.52 : AC s 8.5 : fic : 4 {] H GNOo HY]
3: : : 2 H H H H : : : H ]
18SH 140, ROCK COUNTY, HI :HI 3-1A: N ] 31 1,56 31 1,049 :1GRANULAR: ? :GRAMULAR: 7 N 3 GNOD K
$1:SH 140, ROCK CQUNTY, HI :HI 3-1B: N [ 33 1.56 3 1.049 :GRANULAR: ? :GFANMULHKR: v ] H G0oD LK
$:SH 140, ROCK CINUNTY, HI tHI 3-2A: N 1 21 2.56 ¢+ 1.04 iGRAMULRAR: 7 =GRANULAR: 7?3 H 1} Goon 11
£:SH 140, ROCIK COUNTY, HI :HI 3-28: N H 231 2.56 2z 1,049 :6GRANULAR: ? :GRANULAR: ? N H GOuD 1:
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Table 12. Performance data.

: CRACK =
: BETHEEN : HERTHERING

AV : : :
SLANE NNN :ALLIGATOR: : : AND

tHAY®S: RUT :TRANSVERSE:CENTER-:LONGITUDINAL
H : Bl EEDING:PRTCHES FAVELING
: H

AYG :ROUGH:UEPTH: CRAUKIHG :LINE CRACKING :SHUULDER v RACKING
Q FT/HL=SU FT2RL: SQ FT/RL

PSR :TH/HI: IN LIN FT<HI :=CRACKS LIN FT/HI  :LIN FI/HI:5Q FT/HI

L NNE
I0 :NUHBER

Vi
m
-
—
—
-~
z

7]

tPROJFC.T:

$:SR 93, BAKERFIELD COUNTY, CA:CA 9-1 1 : 4.9 ¢ S1 :0.03 : 419 0 3 3665 = Q 0 : 0 : 0: 0:
::SR 99, BAKERFIELD COUNTY, CA:CA 9-& : 1 : 4.4 2 S0 :0.12 : 97 = 0 1153 : n o a8 : 0 : Q s 3740 :
::SR 79, BNKERFIELD COUNTY, CA:CA 9-1 : 1 : 4.4 ¢ 46 :0.10 2vA6 3 0 : 0924 : 0 : 0 : 0 : n: 53 :
::SR 99, BAKERFIELD COUNTY, C(A:CA 9-< : 1 : 4.4 1 45 :0.00 : 254 : Q: 3I76S = (I o : 0 : 0 : 0 :
1:SR 29, BAKERFIELD CQUHTY, CA:CA 3-5i 9 1 : 4.4 ¢ 42 :0.15 1 0 3 (LI 1298 0z 0 : 0 : 0 03
::15R 99, BRKERFIELD CQUNTY, CA:CR 9-f : 1 : 4.4 1 37 :0.12 : 26 = 0 : 1323 : 0 : 227 0 : 0 : 175 =
21SR 99, BRKERFIELD COUNTY, CA:CA 9-7 3 1 = 4.4 1 39 :0.00 : el = 0 : 1465 : n : 0 = 0 : 0 : 0 :
- H : H 1 H H H H H H H H H H
111-80, DAVIS COUNTY, CA :CA 10--11 1 : 4.4 ¢ 43 :0.30 1 0 : 0 : 264 = (L] n: (U 0 : o :
::1-80, DRVIS COUNTY, CR :CR 10-2: 1 = 4.9 ¢ 47 .27 : 0: 0 : 0 : 0 : [V I 0 0 : 0 :
::1-80, DAVIS CUUNTY, CA :CA 10-3: 1 : 4.4 1 47 :10.219 1 0 0 : 0 : D : 66 : 143 0 : a :
L ¥} H : H ] H] 3 H : : : : H : H
111-80, ALBANY COUNTY, CA :CR 11~13 1 ¢ 3.4 82 10.10 1 2458 1 o 865 1 0 : 0 : 0 : a : 46 :
::1-60, ALBANY COUNTY, CA =CA 11-2: 1 = 4.1 3 99 :0.12 : 0 : a = 0 : 0 : g : 0 : a5 85 :
L H H H t H H : H H H H H H :
::1-5, YREKA COUNTY, CA :CA 12 1= 4: 69 :0.24 : 0 : n: 0 : 0 : 0 : 10560 : 0 : 0 :
se ] : 21 4.491 40 : N/A 0 : 01 0 : (U Q0 : 10580 : 0 : g =
::I-4, HILLSBOROLGH COUNTY, FL:FL 4-1 : 1 2 3.7 59 :0.19 : 1357 = 0 s 5949 : 2487 : 0 : 0 : g : 1169 :
S : : 2 :24.2 1 33 :0.11 ¢ 1000 ¢ 0 s s8n : 2400 = 0 : 0 : 0 : 1130 :
::1~-4, HILLSBOROUGH COUNTY, FL:FL 4-2' : 11 49.493 24 :0.17 : ?70 = 0 3eon - n a 0 : 0 : g :
x: : : 2 4.3 ¢ 35 :0.14 : 747 = 0 : 32l = 0= o : 0 : 0 : Q:
HE ) : 1 t ] H H H 1 H : H H : H
::TH-?1, HILLMAR, RN :HN ?-1R: 1 : 3.4 60 :0.008 : 4135 : 4150 ¢ 4590 : 0 : Q = 0 : 50 ; 0 :
:3TH-71, WILLHAR, HH tHN ©~18: 1 ¢3.11 56 :0.13 : 4910 : 1950 1 /TS n: n : 0 : S0 : a3
::TH-?1, HILLHAR, HN :HN ?-4A: 1 : 3.3 ¢ ?0 :0.03 : S111 = 190 1056 = [ 062 = 0 : 3362 ¢ (V]
23TH-?1, WILLHAR, HN tHM ¢-2'B: 1 :3.01 99 :0.15 : 5227 1 03 1056 3 n: 4541 g : 286 : 0
::TH-?1, HILLHAR, HN tHN ?-ZR: 1 : 3.3 ¢ P77 :0.10 ¢ 5694 : 311 207 : [} I ITv9 e 0 : ve0 0 :
t1TH-?1, HILLHAR, HN sHN T-IB: 1 ¢ 3.3 2 113 :0.13 ¢ 3352 : 013 207 : 0: 495 : 0 : 2t 0 :
ER] : H H H .2 H H H H H : H : :
:11-94, EAU CLAIR, HI tHl 1-1 : 1 : 3.8 62 :0.29 : 1400 1 0 220 = 600 = 12 : 0 : 0 : g :
HE] : : 2 3.91 44 :0.09 : 1100 3 0 : 21S : S8y 13 : 0 : Q 0 :
::1-94, EAU CLAIR, HI NI 1-2 2 1 : 3.6 ¢ 50 :0.39 1 a7o0 3 03 Q : 910 = (LI Q 0 = 0 :
HH H : 2 :3.91 42 :0.10 : 870 : 0 B8S : 915 : 0 : 0 : 0 : 0 :
2111-94, EAU CLAIR, N1 sHI 1-20 = 1 2 3.6 ¢ S? :0.45 1 630 = 0 3 125 = 250 ¢ 40 0 : 0 : 0 :
HE] H H 2 23.9 1 413 :0.13 : 635 2 0 : 125 = 250 = s 0 : 0 : 0 :
::1-94, ERU CLAIR, HI sHI 1-9 1 2 3.6 1 S6 ::N.22 1 2000 @« 2200 3 23 S0 s UL I 0 : [» I D 3
B : : 2 :=3.81 51 :0.11 1950 = 2200 : 20 = S2% = 2910 3 0 : 0 : g :
ER ] H H : ] : 1 Ha H H : : H : 1
1154 140, ROCK COUNTY, HI :Hl 3-1H: 1 : 3.7+ 61 :0.20 : 1140 : 0 : 125 = o : 25 @ 0 : [} I 0 :
11SH 140, ROCK CAUNTY, HI il 3-18: 11 3.7 ¢ T3 :0,23 1 9%0 1 0 PSS 2 n oz S0 n 0 : n 3
t3SH 140, ROCK ULDUNPY, HI tHI 3-¢2n: 1 : 3.9t 66 :0.21: 2520 : U e A7TS0 = VI 2475 ¢ 0 : 0 g00 @
::SH 140, ROCK COUNTY, HI tHI 3-:2'H: 1 :3.631 80 :0.27 : 2265 ¢ (LI 550 : 0 : 600 = vz n : 0 :



Table 13. Deflectlon data at 9,000 1b from wheelpath of outer lane.

T H : Detlection (mils} :
HH tFrojecti-————————— e
HH Location :Numbrer High : Low : AvVg. :
1SR 99, EAFERFIELD COUNTY, C&:CA -1 4,80 : T.20 .80 &
:1:5R 99, ceKEERFIELD COUNTY, C&:CA -2 : 4,70 & T.00 3 Z.65 2
t38R 9. EREERFIELD COUNTY,., CA:CA 9-3 : 4.20 ¢ Z.50 .72
t:SR 99, BAWERFIELD COUNTY, CAR:zCA 9-4 : 4.7 2 2.50 = .75 =
1:S5R 99, DAKERFIELD COUNTY, CA:CA 9-5 @ 4,0 1 4,00 ¢ 4,35
:1:SA 99, BAEERFIELD COUNTY, CH:CA 9-& : S.0G 4,20 = 4,52
11 SR 99, BAEERFIELD COUNTY, CaA:;CA 9-7 4,50 3 3.60 3 T.90 3
1:I-80, DAVIS COUNTY, CA sCA 10-1: 10.70 4.80 : 65.20 1
::1-80, DAVIS COUNTY, CA :CA 10-2: &£.00 = 4.440 : S.11 =
11 I-80, DAVIS COUNTY,., CA :CA 10-3: S.90 : 4,10 = S.01
::1-80, ALBANY COUNTY, CA :CA 11-1: 12.80 : 3.90 ¢ 65.64 ¢
::1-80, ALBEANY COUNTY, CA :CA 11-2: 2.10 = .80 z 6.13%
:: -5, YREKA COUNTY, CA :CA 12 11.00 = 4,20 1 6.32 :
::I1-4, HILLSBOROUGH COUNTY., FL:FL 4-1 : 25.320 s J.00 & .40 ¢
::I-4, HILLSEDROUGH EOUNTY, FL:FL 4-2 : 4,80 Z.10 : 3.99 :
t:TH-71, WILLMAR. MN tMN 7-1 = Q.60 ¢ 4,80 = 6.79 :
: e TH-71, WILLMAR, MN tMN 7-2 ¢ F.00 = 4.70 = 6.47 =
t:TH-71, WILLMAR, MN sMN 7-3 3 11.30 4,00 65.93 3
::1-94, EAU CLAIR, WI tWI 1-1 : 4,80 : 2.8B0 .47 :
t:I1-94, EAU CLAIR, WI sWI 1-2 4.80 : .30 ¢ 4,06 :
::1-94, EAU CLAIR, WI tWI 1-3 5.90 T.40 = S9.19 ¢
1 [-24, EAU CLAIR, WI tWI 1-4 L Z.60 4.61 ¢
+:18H 140, ROCE COUNTY, WI tWI I-1 26.20 : 14,10 = 20.87 :
::5H 14¢, ROCHK CDOUNTY. WI tWI Z-2 J6.20 ¢ 19,70 1 25.88

A



Table 14. Traffic data.[35]
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4. FIELD PERFORMANCE AND EVALUATION

QVERVIEW QF PERFORMANCE

Pavement performance can be evaluated using criteria from several
categories. These categories include functional and structural
characteristics, safety, and appearance.pﬂ In this study, it was decided to
evaluate the field performance of the pavement sections based on functional

and structural characteristics.

Functional performance can be described as the ability of a pavement to
provide a serviceable surface in terms of the quality of the ride experienced

by the roadway user ., 34

This serviceability can be evaluated subjectively or
by using physical ineasurements correlated with subjective evaluations.
Research has shown that the primary factor affecting the serviceability, and
hence the functional performance of a pavement, is its surface roughness.mm
In this study, the functional performance of the study sections was determined
using longitudinal roughness measurements, in particular, roughness measured
with a Mays Meter. The results of this testing are presented in "Pavement

Roughness," found later in this chapter,

Structural performance refers to the ability of a pavement to maintain

its structural integrity without experiencing distress . %

In this study, the
structural performance of the study sections was determined using the
nondestructive deflection testing methods described in chapter 3. These test
results and the occurrences of distress, observed in the field, are summarized
in "Overlay Distress" and "Deflection Measurements," found later in this

chapter.

The evaluation of safety primarily involves the measurement of skid
resistance, but can be expanded to include other factors such as hydroplaning,
icing potential, and severe surface distortion, such as rutting.wn While
such considerations are certainly of paramount importance when evaluating a
pavement, the inclusion of such factors (with the exception of surface

distortion) was considered beyond the scope of this study.
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The evaluation of a pavement's appearance is rather self-explanatery and
is not as important a consideration as the first three factors. It was not

considered when evaluating the performance of the study sections.

Only five projects had control sections with overlay thicknesses
approximately equal to that of at least some of the corresponding crack and
seat sections. These five projects are the only basis for true comparisons of
performance between the crack and seat sections and a standard asphalt
concrete overlay. Therefore, although general conclusions and comparisons
were made considering all of the study sections, when a statistical comparison
was desirable between the crack and seat and control sections, only these five

projects as listed in table 15 were utilized.

Table 15. Projects with crack and seat and control
sections of comparable cross-section.

Comparable Crack

Project Control Sections and Seat Section Pavement Type
CA 8 Ca 9-1 Ca 9-2 JPCP
CA 9-3 ca 9-4 JPCP
CA 9-5 JPCP
CA 9-6 JPCP
CA 9-7 JPCP
call CA 11-1 CA 11-2 JPCP
FL 4 FL 4-1 FL 4-2 JPCP
MN 7 MN 7-3A MN 7-1A JPCP
MN 7-3B MN 7-1B JPCP
Wil WI 1-1 WI 1-4 JRCP

PAVEMENT ROUGHNESS
Pavement roughness i1s a phenomenon that manifests itself at the surface

of the pavement structure. It has been defined as "... the longitudinal

deviations of a pavement surface from a true planar surface with
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characteristic dimensiens that affect vehicle dynamics, ride .quality, and

"[*]  The three main components of pavement roughness

dynamic pavement loads.
are: longitudinal variations, transverse variatioens, and horizontal
variations of the pavement alignmentfp” Longitudinal variations ‘have been
shown to be the major cause of undesirable vehicle forces. ™ Transverse
wvariations, or the roll component transmitted to the vehicle, are the second
‘major cause of roughmess. The least offensive is the horizontal curvature of

a roadway, which, if poorly designed, can impart undesirable yaw forces to a

vehicle.

The longitudinal roughness of each pavement section was measured with a
Mays Meter as described earlier. The roughness measurements obtained on each
of the 29 study sections are listed in table 16. It can be seen that there
was a wide wvariation in the amount of surface roughness; from a low of 24
in/mi to a high of 113 in/mi. The study section with the least amount of
roughmness, 24 in/mi, was the crack and seat and overlay section on I-4 near
Tampa, FL. The study section found to have the most roughness, 113 in/mi, was
one of the control sections on TH-71 near Willmar, Minnesota. The average
roughness for the crack and seat and control sections was found to be 56 and

73 in/mi, respectively.

The present serviceability rating of each section is also listed in

table 16.

Five projects had control sections with overlay thicknesses approx-
imately equal to that of at least some of the corresponding crack and seat
sections. The roughness measurements taken on the 17 sections in five
projects from table 15 are depicted in figure 13. On four of the five
projects, the crack and seat and overlay sections exhibited from equivalent
roughness to 59 percent less roughness than the control sections. The one
crack and seat and overlay sectlon with significantly more roughness than its
control section was the overlay built on I-80 in Albany County, CA, in 1982,
The crack and seat sections have significantly less roughness (approximately
14.5 in/mi less).
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Table 16. Mays Meter roughness measurements.

Section Quter Lane Outer Lane
ID Roughness PSR
CA 9-1* 51 4.4
CA 9-2 50 4.4
CA 9-3% 46 4.4
CA 9-4 45 4.4
CA 9-5 42 4.4
CA 9-6 37 4.4
CA 9-7 39 4.4
CA 10-1 43 4.4
CA 10-2 47 4.4
CA 10-3 47 4.4
CA 11-1=* 82 3.4
CA 11-2 99 4.1
CA 12 69 4.0
FL 4-1% 58 3.7
FL 4-2 24 4.4
MN 7-1A 60 3.4
MN 7-1B 56 3.1
MN 7-2A 70 3.3
MN 7-2B 99 3.0
MN 7-3A% 77 3.3
MN 7-3B%* 113 3.3
WI 1-1= 62 3.8
Wl 1-2 50 3.6
WI 1-3 57 3.6
WI 1-4 56 3.6
WI 3-1A 61 3.7
WI 3-1B 73 3.7
WI 3-2A% Bé 3.5
WI 3-2B* 80 3.6

*Control sections
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The PSR on the five control projects was also evaluated., Although the
PSR on the crack and seat sections is slightly higher than on the control

sections, the magnitude of the difference is statistically insignificant.

The roughness of each study section was plotted against overlay thickness
to determine the effects of this wvariable on performance. The graph is shown
in figure 14. As can be seen in the figure, there is an increase in roughness
with an increase in overlay thickness for the control sections. This trend
does not follow engineering experience where an increase in thickness usually
reduces roughness. Viewing figure 15, it is seen that the control sections
with the lower amount of traffic also experienced more roughness. One would
expect, however, that the thicker overlay will be rougher if there is more
traffic on the section. This data shows the opposite. However, both of the
7.5-in sections with high roughness are located in project MN7 (the oldest
project) and, therefore, really represent only a single observation. These
Minnesota sections did not, however, exhibit high levels of rutting as a
possible cause of the roughness. The remaining control sections follow the

expected pattern.

Observing the figure with respect to the crack and seat sections
(figure 14) shows that the thickness of the overlay does not influence

pavement roughness.

Figure 15, however, indicates that both the crack and seat and control
sections with higher traffic volumes experienced less roughness. Again, the
trend does not seem logical since one would expect an increase in roughness on
high traffic routes. Consequently, other factors must have an overriding

effect on roughness.

One important parametexr is the size of the cracked pieces. It has been
assumed that it is better to have smaller segments rather than large pieces,
thereby reducing the thermal movements to a lower level. The roughness of the
sections was plotted with respect to segment size as shown in figure 16.
Observing the figure, it can be seen that there is no distinct difference in
performance for the large, medium, or small pieces. The sections with small

pieces were all constructed of JRCP and might be expected to perform
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differently. However, there is no statistically significant difference

between the performance of the medium and large pieces on the JPCP sections.

The roughness was also plotted as a function of the type of roller that
was used to seat the slabs. The plot (figure 17) did not show any significant
difference in roughness between the different types of rollers used to seat

the slabs.

Reviewing the roughness data, there is a statistically significant
difference in average roughness between the control sections and the crack and
seat sections. There was no difference in roughness with the roller type or

the size of the pieces.

OVERLAY DISTRESS

The primary goal when designing a pavement is to design and construct a
structure able to support the estimated axle loads expected during its design
life and to withstand the adverse effects of the environment. These traffic
loadings and environmental effects cause stresses, strains, and deflections in
the pavement system. It is the accumulation of these permanent strains and
the repeated application of stress that can cause the limiting strains of the
material involved to be exceeded, and causes pavement distress in the form of
fracture or permanent deformation. Failure of the pavement structure occurs
only when the accumulation of distress results in a lowering of the pavement’s

serviceability below a minimum acceptable level.

Hudson et al. have identified the most important distresses that affect
the performance of an AC-overlaid PCC pavement.“m Two of the more important
distresses were found to be reflection cracking and rutting. The occurrences
of these distresses observed during the field surveys are discussed in the

following sections. Fatigue cracking of the overlays is also discussed.
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Reflection Cracking

Reflection cracks are a common distress manifestation of AC overlays of
PCC, the causes of which were discussed in chapter 2. After these cracks
develop, traffic loading and environmental effects tend to spall and
deteriorate these cracks. The deteriorated cracks create serious maintenance
problems as well as allow moisture to enter the pavement system. The cracking
and seating of the PCC slab is supposed to effectively reduce the amount of

reflection cracking.

For purposes of the study, all cracking was considered to be reflective.
It is possible that some of the observed cracking can be due to temperature
differentials or other AC material problems; however, it is difficult to

distinguish the exact cause when only a condition survey was conducted.

The severity of the cracking was classified as low, medium, or high,

vwhile the amount of cracking was combined as total linear feet per mile.

The transverse cracking for the oﬁtside lane is shown in figure 18, It
can be seen that the Minnesota section (the oldest section) had the highest
amount of cracking with the majority of the cracking being medium severity.
In all cases except Minnesota and Wisconsin, the control sections had more

transverse cracking than the crack and seat section.

A plot (figure 19) of longitudinal cracking in the outside lane was also
prepared. It includes centerline cracking but not lane/shoulder joint
cracking. As seen In the figure, Minnesota had the highest amount of
longitudinal cracking. The control sections had an average cracking of
1,688 ft/mi, while the crack and seat had 1,759 ft/ml, or a difference of only

4 percent.

The total ecracking, including centerline cracking, is presented in
figure 20. The figure also shows that Minnesota had the highest amount of
cracking with a large amount of centerline cracking. Wisconsin experienced
the same. Observing figure 20, it can be seen that several of the control

sections had more cracking than the crack and seat sections. The average
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amount of cracking for all of the control sections was 4,800 ft/mi, while the
average amount for all of the crack and seat sections was 3,068 ft/mi. This

represents a 36 percent reduction in total cracking.

The five control projects were examined on the basis of both total
llnear cracklng and medlum/hlgh linear cracking. The crack and seat sections

had less total cracklng (only 67-percent confldence), but more medlum/hlgh

——— —_ e —

crack;ng (84-percent confldence)

Reflection Cracking and Overlay Age }
- i

- G

When the total cracking is plotted against the year of the overlay, a
different view of the camparative performance of the crack and seat sectlons
is presented. Observing figure 21, it 15 seefl that during the early llfe”of

the overlays (less than 6 years), the control sections had more reflectlon

Crew il

cracking than the crack and seat sections. Wlth additional age (more than,
6 years),gthe crack and seat sections apparently had more cracklnthpan thei
control sections. - B
For all the crack and seat sections, total linear cracking we53
regressed as a function of age. A clear relationship existed: toial linear
cracking increases with age. However, when the same function was regressed
for the control sectlons, no relatlonshlp could be determined for the control

sectlons." Therefore, it is not p0551b1e to extract SLgnlflcant comparlsons

of performance with age fram the gvelleble_data.

Reflection Cracking and Overlay Thicknmess

Figqure 22 shows that the overlay thickness for most of the control
sections was in the range of 2.75 to 4.75 in, while the crack and seat
overlay thickness was from 3.75 to 7.75 in (two control sections had 7.75
in)}. Since the crack and seat sections generally had thicker overlays, one
would expect that it would take longer for the reflecticn cracking to cccur;
however, this could not be shown statistically fram the available data.
Although fiqure 22 may appear to indicate that a thicker overlay produced
more linear cracking, this is again a result of the oldest sections having

the thickest overlays.
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Reflection Cracking and Segment Size

The size of the broken pieces should influence the amount of reflection
cracking. Figure 23 is a plot of amount of cracking as a function of piece
size. It can be seen that the sections in Minnesota that had large pieces
experienced "tHe" highest amount of cracking. However, these are also the

Ly mTART + . . . . .
oldest”sections. In Wisconsin, one section with small pieces had a

significant amount of cracking. The remaining sections had less draéking.
The Wiséonsin sections, however, are JRCP.. The one section with siéﬁificant
cracking had the thinnest overlay placed over a crack and seat JRCP:éEction.
No real conclusions can be drawn regarding the influence of piece5§iée due to

the confounding factors of pavement type, age, and overlay chicknéésl -

Reflection Cracking and Type of Roller o f'i

The amount of reflection cracking with respect to type of roller was:also
evaluated. The results are shown in figure 24. The Minnesota sections hédi

the highest amount of cracking, and these sections were seated with a

pneumatic tire roller. CA 9-2 was also seated using a pneumatic :olier;
however, that section did not exhibit a greater quantity of crackiﬁg‘than the
other CA 9 sections. CA 9-6, which was not seated, also did not fall outside
of the range of cracking exhibited by the remaiﬁing sections. Thé other study
sections'were‘seated'étther'with’a”vibrating’sheépsfodt’or’stéeliwhééled
rolier. These sections had less reflection éfacking than the Minnésota
sections. It should be notedf'hﬁﬁéVérf that the Minnesota sections had the
largest size cracked pieces. Consequently, there probably is an interaction
between roller ‘type and size of piécés. which' makes Tt difficult té"draw
conclusions about the effects of roller type. In addition, the Minnesota

sections were the oldest sections, further confounding the analysis.

Alligator Cracking

The typical type of reflection cracking in an AC overlay on PCC pavements
is usually transverse or longitudinal cracking. The condition survey also
revealed some interconnected cracking with the appearance of fatigue, or

alligator, cracking. A plot of this cracking is shown in figure 25.
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Minnesota sections experienced the most alligator cracking, while Wisconsin

also had some. Both the control and the crack and seat sections experienced

A g -

alligator cracklng .wof.the California crack and seat Sectlons also had

minor amounts of alllgato- ctacking.’ The.alligator cracklng 1nd1cates base

failure, which ls dlfflcult to Justlfy when the base in composed:of PCC
pieces. However _ he cracklng is'generally 1nterconnected with llnear
cracking. Therefore th ‘alligator crack1ng may be due to the further
breakdown of the pavement in the areas where traffic loadlng 1nteracts wit&

existing cracks.

Rutting

Ruttlng is the longltudlnal depre551onwof a-pavement s surface_ln;tth

wheelpaths Ruttlng stems:from a permanent'deformatlon in one or more of the
pavement 1ayers ‘or, subgrade which can be caused by lateral movement or
consolldatlon ofthe: materlals due to trafflc loadlngs In an AC overlay of
PCC, thls movement or- consolldatlon takes place entirely in the hot mix AC,
due to.the PCC being :much stiffer than the AC Inadequate compactlon of the
AC overlay durlng constructlon can also lead to ruttlng r
During the;field“surveys rut depths were measured at 200- ft 1ntervals in
both wheelpaths in: ‘the outer (travel) lane for each of the study sections. !
Where trafflc condltlons permitted, measurements were made in addltlonal
lanes. Rut depths Were measured as the maximum dlstance from the bottom of a
6-ft stralghtedge placed across one half of the traffic lane to the bottom of

the rut. The average measurements are glven in table 17

f.

The average rut depths varied from a low of 0. 02 in on Hlnnesota sectlon
7-2A to a high of 0 AB 1n on Wlscon31n section 1-3. The rut depths measured
on the cracked and seated overlays were compared with the amount measuréd ohn
their control sectlons - ' The average ruttlng on the cracked and seated J_ufﬁ

overlays was 0.19 in, while on thé control overlays the average was 0.14 1n

. R - Lo

Average rut depth was analyred for the five control projects. The crack
and seat sections exhibited greater rutting by 0.02 in (87-percent

confidence), which is an insignificant difference.
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A plot of rut depth is shown in figure 26. It can be seen that in many
cases, the crack and seat section had more rutting than the control sections.
In particular, the crack and seat sections in Wisconsin and California had
significantly more rutting. A plot of rut depth versus overlay thickness is
shown in figure 27. The figure shows that the rutting on the control sections
decreased with overlay thickness, while rutting on the crack and seat sections

did not show any trend.

The higher rutting on the crack and seat sections is probably due to
secondary movement of the cracked slabs under traffic loading. The slabs in
the control section still provide a rigid base, while the cracked slabs can
now move. Observing the figure, it is seen that Wisconsin had the highest
rutting; Wisconsin also had the smallest cracked pieces. The smaller pieces
will have secondary movement before the large pieces, thus explaining

increased rutting.

Drazinage

The surface and visual drainage evaluation as described in chapter 3
indicated drainage problems only for section FlL4-2. FlA-2 is a crack and seat
section with the overlay placed in 1979; the 1987 PSR rating was 4.4.
Therefore, no basis for evaluating surface drainage characteristics is

provided.

The 1986 AASHTIO Design Procedure added several elements to the Interim
Guide for the design of pavements.mm Cne significant addition was the
inclusion of drainage coefficients. Volume V of Phase 1, "Appendix B - Data
Collection and Analysis Procedures,” describes a rational procedure to
determine a combined "whole pavement®™ drainage coefficient that represents the
impact of drainage on the potential life of the pavement being analyzed.“ﬂ
This procedure was used to evaluate each of the pavement sections. The
resulting AASHTO drainage coefficients are plotted versus total linear

cracking in figure 28 and versus roughness in figure 29.
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Fabric Interlavers

In California, the standard AC overlay used with the crack and.seat
treatment is 0.35 ft thick and contains an interlayer of paving fabric
(nonwoven polyester, polypropylene, or polypropylene/nylon materials) .
Table 18 presents the California sections (of those studied on this project)

that contained a fabric interlayer.

Table 18. California sections with fabric interlayer.

Controls Crack and Seat
CA 9-3 CA 9-2

CA 9-7

ca 10-2

ca 10-3
CA 11-1 ca 11-2

On project CA 9, the two crack and seat sections with a fabric interlayer had
less average linear cracking (1,388 ft) than the three corresponding crack and
seat sections without fabric (2,422 ft). The control section with fabric,

CA 9-3, also exhibited less linear cracking (6,610 ft) than the control
section without fabric, CA 9-1 (7,854 fr). On CA 10, neither of the sections
with fabric exhibited any linear cracking, while the section without fabric

contained a small amount of linear cracking (264 ft),

DEFLECTION MEASUREMENTS

Nondestructive testing of all 29 study sections was conducted using a
falling weight deflectometer (FWD) as described previously. The deflection
measurements obtained were summarized in table 13. It can be seen that there
was a wide variation in the measured wheel path deflections; from a low of
2.50 mils to a high of 25.5 mils. The range of deflections for each section
is i1llustrated in figure 30. The roughness of each study section was plotted

against average deflection as shown in figure 31. As would be expected,
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sections with higher deflections tend to exhibit greater roughness. Average
deflection was also plotted against overlay thickness as shown in figure 32.
No clear pattern is apparent. Although a thicker overlay may contribute to
the overall structural capacity, the asphalt concrete will deform more than

the underlying PCC.

The maximum deflections for each wheel path testing point were plotted
along the length of each section. These are presented in the appendix. Three
defléction basins from each section were analyzed using the BISDEF elastic
layer analysis program.“a Points were selected to indicate the variations of
values along the sections. The results, which were included in the design
data summary table, generally did not indicate as great a reduction in modulus
as might be expected. Only two sections had low values for the cracked and
seated concrete of ‘less than 2 million psi. Only the Yreka County, California

section had any backcalculated modulus values of less than 1 million.

The results in the design data summary table indicate a broad range of
values for many of the sections. Two factors contributed to these ranges.
First, there was a wide wvariation in the results obtained. Second, many of
the deflection basins could not be matched with an acceptable tolerance.

Therefore, the results had to be considered within a wide margin of error.

If the analysis of the crack and seat sections is considered carefully,
the cause of both of the above factors 1is revealed. A cracked and seated
layer is not an elastic layer and is not easily modeled as such. The location
of an underlying crack with respect to the load influences the shape of the
resulting deflection basins. The same load applied at different distances
from an underlying crack results in different deflection basins. These
different basins will result in the calculation of wvarying moduli for the
cracked and seated layer. 1In addition, a deflection basin resulting from an
applied load near an underlying crack may have an erratic shape that cannot be
fitted by a smooth curve. Such basins are difficult to match with confidence
using an elastic layer program. Therefore, answers could not be obtained for
some of the analyzed deflection basins. The analysis was further complicated
by the presence of cement-stabilized or lean PCC bases in some of the

sections.
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Since the evaluation of layer properties was largely unsuccessful, an
alternative approach to evaluating the structural effects of cracking and
seating was undertaken. For each section, the averape deflection at each
sensor position was analyzed. These average deflections were presented in
table 13. 1In addition, the cross-sectional areas of these average deflection
basins were calculated. Finally, a volumetric k (applied load/displaced
volume) was determined for each pavement structure. These results were also

provided in table 13.

These values were then compared for the five control projects. The
differences between the measured maximum deflections and calculated basin
areas for the crack and seat and control sections were not statistically
significant at the 95-percent confidence level. However, the average
volumetric k’'s calculated for the crack and seat sections were slightly
greater than those for the corresponding control sections. So, on the basis
of the available data, no reduced layer structural properties can be predicted

as a result of crack and seat procedures.
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5. SUMMARY DISCUSSION AND CONCLUSIONS

SUMMARY DISCUSSION

A comnon method used to rehabilitate PCC pavements is the placement of
an AC overlay. These overlays often deteriorate rapidly due to the problems
associated with reflection cracking. Numerocus techniques such as sawing and
sealing of joints, cracking and seating of the concrete slabs, crack arresting
interlayers, and fabrics have been used in an attempt to reduce the adverse
effects of these cracks. The results have shown wide variations in
performance. The crack and seat method (not rubblizing) produces slab pieces
much shorter than the original slab length, thus reducing movement due to
temperature changes. The seating of the slab is designed to prevent rocking
and other slab movements. Since the PCC slabs are not cracked into very small

pieces, some structural capacity still remains in the existing pavement system.

The purpose of this study was to evaluate the performance of and verify
and/or develop improved design and construction gquidelines for cracked and
seated PCC pavements. These objectives were accamplished by evaluating the
perfermance of cracked and seated pavements that have been in service for up
to 12 years. Field condition surveys, roughness measurements, rut depths,
deflection measurements, traffic, environmental, and other data were obtained
and analyzed to document and evaluate the performance of the cracked and
seated PCC pavements. Design construction quidelines and gquide specifications
were developed using information from past research studies, existing design

procedures, and field performance results from this study.

It should be noted that the conclusions presented herein on the
effectiveness of the crack and seat and overlay procedure are based on a
limited number of sections. A total of 29 secticns were evaluated, and of
those there were only 5 true control sections which allowed direct performance
comparisons between the crack and seat and AC overlay technique and the
conventicnal AC overlay procedure. Further limitations to the analysis include
the relatively few JRCP sections included in the study, the unequal
distribution of crack and seat sections across climatic regions, the lack of
JPCP crack and seat sections with small cracked pieces, and the lack of JRCP

crack and seat sections with medium to large cracked pieces.
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Although the conclusions presented herein are based on a limited number
of sections, the conclusions are consistent with the previous findings of the
Federal Highway Administration. An FHWA Review Report "Crack and Seat

Performance" states:!%!

"O0f the 22 projects reviewed, only four projects showed
appreciably less reflective cracking in the crack and seat (C&S)
sections than in the control sections. To quantify the benefits
of C&S, a measure of the difference in the percent of transverse
joints which had reflected through the cverlay was employed.
Observations made during this review coupled with previcus State
conditicn surveys, where available, indicated a reduction in the
percent transverse joints reflecting through the overlay during
the first few years when C&S is applied. BHowever, after 4 to 5
years the C&S sections generally have approximately the same
cracking as the control sections. Therefore, it can be concluded
that overall, C&S appears to provide benefits under same
conditions by delaying, not eliminating, reflective cracking."”

The analysis conducted for this study did, however, show that the crack
and seat procedure did not significantly reduce the structural capacity
{modulus of elasticity) of the pavement. This differs from the FHWA review

which states:!%

"Since the structural capacity of the existing pavement is reduced
by cracking, more overlay thickness is required to maintain the
same structural number as the non-cracked pavement. Using an
overlay analysis such as AASHTO would typically result in the need
for up to 3 inches to maintain equivalent structural capacity.

The additional cost of: 1) the additional overlay thickness; 2)
the cracking and seating; and 3) other required work such as
shoulder and guardrail raising, must be evaluated to determine if
these costs are justified.

Based on this review and the limited field performance data
available to date, it appears these extra costs may not be
justified since the condition of the C&S5 and control sections
seemed to be the same after some pericd of time on most of the
projects reviewed."

The purpocse of crack and seat is to significantly reduce reflection
cracking, particularly the deterioration of cracks (medium and high severity).
The data analysis did not show that the crack and seat and AC overlay
technique significantly reduced medium and high severity reflection cracking
except in California. In addition, reflection cracking for the crack and seat

projects increased significantly with age.

CONCLUSIONS
It should be noted that the number of field evaluations under this
research contract was limited by available funding and by the more

camprehensive work (which is now underway) that was anticipated under the
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Strategic Highway Research Program. Also, additional evaluaticns of the
performance of the crack and seat and AC overlay technigque are being conducted
by the FHWA (under Demcnstration Project SP-202). States using this technique
are encouraged to establish control sections (same AC overlay thicknesa but
without cracking and seating) to verify that their specified procedures result
in the benefits desired or expected from the use of this rehabilitation
technique. Other procedures used elsewhere or subseguently developed may

result in different pavement performance.

Based on work-conducted during this study and reported herein, the
following conclusions were drawn (the contlusions are presented in no

particular order):

. Over the past 30 years, 24 States throughout the United States
have experimented with the crack and seat and overlay of jointed
portland cement concrete pavements. States that have documented
their experiments with cracking and seating have reported
experiences that range from poor to excellent.

. The crack and seat sections in California exhibited significantly
less reflection cracking than the contreol sections. 1In addition,
the use of a fabric interlayer further reduced the quantity of
reflection cracking.

. The crack and seat secticns with adjacent control sections studied
in this project exhibited significantly less roughness than their
corresponding control sections. The initial roughness of the
sections, however, was unknown.

. Based on the analysis of the falling weight deflectometer (FWD),
there was no significant loss of structural support (decrease of
the modulus of elasticity) on the crack and seat sections.

. The crack and seat sections exhibited significant increases in
cracking with age.

The crack and seat sections with adjacent control sections
exhibited more medium and high severity cracking than the
corresponding control sections, but less total cracking than the
control sections.
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PART II. CRACKING, SEATING, AND OVERLAY OF PORTLAND
CEMENT CONCRETE PAVEMENTS

A. DESIGN AND CONSTRUCTION GUIDELINES

INTRODUCTION

These guidelines provide information for engineers, technicians, and
contractors involved with the design and construction of asphalt concrete (AC)
overlays on portland cement concrete pavements. In particular, the guidelines
discuss the cracking and seating and asphaltic concrete overlay of an existing

jointed PCC pavement.
NEED FOR CRACKING_AND SEATING

An accepted rehabilitation strategy for jointed portland cement concrete
pavements is to overlay the pavement with an asphalt concrete material. The
overlay should provide a new, smooth riding surface with good skid resistant
characteristics. Thicker overlays will also increase the structural capacity
of the pavement. Highway engineers often select an AC overlay because the
work can be completed in a reasonable amount of time and initial capital costs
are usually less than portland cement concrete overlays and concrete pavement

restoration (CPR).

There is a perplexing problem, however, with AC overlays on PCC
pavements--the phenomenon of reflection cracking. Reflection cracking is the
propagation of cracks and joints in the existing PCC pavement through the new
overlay. Movement of the existing pavement causes reflective cracks in the
overlay. Movement can be caused by temperature change, moisture content
change, traffic loadings, and a combination of these conditions. The
movements are usually classified as horizontal or vertical: <traffic loading
and poor load transfer efficiency cause vertical movements; temperature
changes create horizontal movements. Movement of the PCC slab causes stress
to concentrate above the existing joint or crack, and when the stress exceeds

the limiting strength of the material, a crack will propagate.
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The major concern with reflection cracking is the possibility that it
will lead to rapid deterioration of the overlay. Reflection cracking allowus
moisture into the pavement :system and causes a loss of support from the
subgrade and base layers. The crack can also deteriorate and spall, creating
4 maintenance problem. Excessive spalling can lead to potholes or peeling of

the AC surface.

The reflection cracking problem has been the focus of a significant
amount of research. Many highway engineers are looking for a solution because
of the large number of miles of pavement overlaid each year. Typically, these
overlays will fail because of reflection cracking or other types of
deterioration caused by cracking. Each load passing over the pavement or each

change in temperature creates additional damage.

Currently, there are two basic approaches to the solution of the
reflection cracking problem. The first approach is to let the crack occur,
but control it. This approach assumes that reflection cracking is inevitable;
however, with proper construction techniques, the severity of cracking is
minimal and good performance can be achieved. Sawing and sealing joints in
asphalt concrete overlays on PCC pavements is the only treatment that
effectively reduces the severity of reflection cracking. Other approaches,
such as very thick overlays, will defer the cracking; however, a trade-off

exists with increased overlay costs versus delay of cracking.

The sawing and sealing of joints in asphalt overlays eliminates or
reduces the severity of spalling at the reflective crack. Without the sawing
and sealing, the reflective crack usually spalls and deteriorates to the point

where a rough ride results from rapid breakdown of the pavement.

The second approach is to mitigate the propagation of cracks in the AC

overlay. Some of the treatments include:

o Fabrics.
¢ Stress-relieving interlayers.

e Crack-arresting interlayers.
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e Preoverlay repair.

e Crack and seat.

In one way or another, all of these treatments are designed to stop or
reduce the rate of crack propagation. For example, fabrics act as a
reinforcement layer in the AC overlay. The fabric physically restrains the
opening of cracks. However, excessive movement will still cause reflection

cracking.

Stress-relieving interlayers dissipate the stresses from joint movement
within the interlayer. Rubberized asphalt chip seals are an example of a
stress-relieving interlayer. Crack-arresting interlayers are comprised of

aggregate graded to create large voids designed to stop crack propagation.

The crack and seat procedure involves cracking the PCC slab into small
segments, seating the segments into the sublayer, and then overlaying the PCC
slab with an asphalt concrete. The purpose is to create small pieces of
concrete so slab movement by thermal or other causes is minimal. The
segments, however, are still large enough to have some structural integrity
due to aggregate interlock. The slab seating is intended to ensure that the

segments are in contact with the sublayer in order to eliminate any veoids.

Since the PCC slabs will be cracked, the condition of the existing PCC
slabs can be less than desirable; some types of distress can be present
without affecting the overlay performance. In fact, crack and seat is a
technique that can be used when conditions are beyond a level of acceptability

for other treatments. Some of the distresses that are addressed by crack and

seat are:

* TFaulted joints and cracks.

¢ Rocking slabs due to voids.

e Longitudinal cracking.

¢ Patch deterioration.

¢ Lane separation.

¢ Joint deterioration due to D-cracking.

¢ Deterioration due to reactive aggregate.
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s Uneven slab settlement.
e Corner breaks,

e Spalling.

The limits of distress severity are usually established by engineering
judgment., The engineer should take into account the type and severity of

cracking, load transfer ability, void size, pumping, etc., before making a

decision about any treatment.

California is one of the few States that have established criteria for

cracking and seating. Their policy is:

When a pavement has developed an unacceptable ride and there are
extensive structural problems indicated by multiple cracking of over
10% of the slabs in the individual truck lanes, the strategy is to
crack and seat in the deteriorated lanes, install edge drains, and

overlay with 0.35 ft. of AC including 2 pavement reinforcement
fabric interlayer.!

The California Department of Transportation (CALTRANS) uses the following

criteria to determine the extent of the cracking and seating:

A. Use in all lanes expected to carry an appreciable amount of
truck traffic. On facilities with six or more lanes, this
would generally include the outer two lanes. On four-lane

facilities, it would often include all lanes, especially in
urban areas.

B. Use in lanes expected to carry primarily auto traffic if
there is 1/8 in or more average faulting with or without
slab breakage. Where there is less than 1/8 in average

faulting and no slab breakage, cracking and seating is not
recommended.

Other States use crack and seat on an exXperimental basis or use

engineering judgment to determine when and where to use this procedure.
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EFFECTIVENESS

The crack and: seat and overlay technique has been used.for over: 30 years
by 24 State highway agencies. The results of its effectiveness have ranged
from poor to very good depending upon the agercy.

The results of a mational study, "Performance/Rehabilitation of Rigid
Pavements,” highlighted these mixed: results.. In the study, the crack and seat
test sections had sIightly less roughness than the contrel sections. With
respect to reflectiom cracking, the control sections initially had more
cracking, but after & years the crack and. seat sections had more reflective
cracking. The crack and seat sections had slightly more rutting than the
control sections. Consequently, {it: was. concluded that the cracking and

seating did not significantly improwe: the performance of the AC overlay.

WORK PRIOR TO OVERLIAY

The nature of cracking and seating implies that the pavement will be
broken and, consequently, that the condition of the existing pavement is
irrelevant. This is only true in a limited sense. Cracking and seating should
not be thought of as a panacea for rigid pavements with severe prablems. For
example, extensive fatigue damage may be an indication that slabs are poorly
supported and the foundation is inadequate. Therefore, the base will not

provide sufficient support for the cracked and seated segments.

Distress conditions such as severe joint spalling require full or partial
depth repairs prior to the cracking and seating process. Joints and cracks
should also be sealed prior to the cracking and seating construction., It
should be remembered that the objective of the cracking process is to leave
PCC segments that are large enough to provide structural capacity. If the
pavement is broken into very small pieces, such as a rubbled condition, then

the structural integrity of the slab is lost.

Drainage problems should also be considered and corrected when a crack

and seat treatment 1s used. Adequate drainage i1s important regardless of the

88



rehabilitation scheme. No extra benefit from crack and seat eliminates the

need to provide adequate drainage for the pavement.

DESIGN AND CONSTRUCTION

The design of a crack and seat project requires a complete engineering
evaluation of the entire project. A condition survey, nondestructive testing,
a pavement design evaluation, and an economic analysis should be conducted to
determine if cracking and seating is the most effective rehabilitation scheme.
Like any other pavement project, each crack and seat job must he evaluated and
designed on an individual basis. No two projects are ever alike. In general,
however, a crack and seat project can be appropriate for most jointed PCC
pavements. Both plain and reinforced slabs have been successfully cracked,
seated, and overlayed. The pavement should be in fair condition, and the

sublayer should be capable of supporting the expected traffic loads.

Structural Design

Many State agencies use engineering judgment to determine the required
thickness of AC overlay. The AC overlay thickness is a function of the
effective structural capacity of the existing PCC slab., The design of the

thickness varies considerably across the United States.

California, for example, overlays with a standard AC thickness of
0.35 ft with a fabric interlayer. In Minnesota, the cracked PCC pavement is
considered to be an asphalt concrete base that is 70 percent of the original
slab thickness. Pennsylvania assigns a structural coefficient of 0.20 to
all cracked and seated pavements. Kentucky assumes the cracked and seated

pavement is equivalent to a dense graded aggregate.

The only documented crack and seat design procedure is found in the
1986 AASHTO Pavement Design Guide.® The AASHTO procedure is based upon a
structural deficiency concept. Essentially, the AC overlay thickness is the
difference between a "new" pavement structure and the "effective" thickness
of the existing slab. The design procedure follows the same method as the

flexible overlay over existing rigid pavement analysis. Since it is assumed
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that the cracking will create a common state of "damage," the Fy factor is
held constant at 0.7. The effective thickness of the existing PCC slab is
assumed to be 40 percent of the original thickness with a slab fragment size
of approximately 30 in. If a postcracking NDT evaluation is done, then the

ap value is a function of the backcalculated modulus value with an a, range
of values equal to 0.14-0.44. The effective thickness of the existing subbase
is also added to the cracked PCC slabs.

Using the AASHTO design procedure with the selection of a structural
coefficient does not guarantee the elimination of reflection cracking. Other
types of AC overlay cracking can occur. For example, if the AC overlay is too
thin, then fatigue cracking can occur. Overlay thickness has been in the

range of 3 te 7 in.

In the national study, the deflection data indicated a broad range of
data. Many of the deflection basins could not be matched to theoretical
basins. Based upon volumetric k and maximum deflection, there was no
statistically significant difference (95-percent confidence) between the
control sections and the crack and seat sections. On the basis of the
available data, no reduced layer structural properties could be predicted as a

result of the cracking and seating procedure.

Crack Pattern_and Segment Size

The size requirement for cracked PCC slabs is subject to question. Crack
sizes (longitudinal direction) have varied from 18 in to 6 ft. For design
purposes, the question of slab size necessitates a compromise. The smaller
the slab size, the less chance of movement due to temperature change. The
larger the slab size, the more structural support from the existing slab.
These two requirements are in competition during design. The trend has been
to develop a smaller cracking pattern, which should reduce the reflection
cracking. In the national study, no real conclusion could be drawn regarding

the influence of piece size.

The length to width ratio of the segments should be kept at 1:1 with a

segment area of &4 to 6 ft2,
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It is important that the cracking of the slab extends through the entire
depth of slab. More important, however, is rupturing the steel reinforcement
(if used) or breaking the bond between the steel and concrete. If the steel
and concrete bond remains intact, then the cracked slabs will still act as if
they were not broken. S5lab movements due to temperature changes will be much

larger than if the segments are short.

A large variety of cracking equipment is available to contractors for the
cracking process, In fact, the equipment is constantly being modified. The
most common type of equipment is a pile driver with a modified shoe. Ancther
similar piece of equipment is the guillotine hammer. The impact force can be
controlled by changing the drop height. Another type of device is the whip
hammer, which consists of a hammer attached to a leaf-spring arm. The fourth
type of device is the resonant breaker. There have been problems, however,

with this device since controlling the crack pattern is difficult.

Keep in mind that the purpose of the cracking process is to crack the
pavement--not destroy it. If the cracking device shatters the concrete into
very small pieces, then the process is "rubbling,” not cracking and seating.
Care must be exercised so the device does not severely spall existing cracks
or joints. It is good practice to keep the cracking device at least 10 in

from an existing crack or joint.

Seating of the PCC Segments

After the PCC slabs have been cracked, the pieces must be firmly seated
into the sublayer. The purpose of the seating operation is to ensure that all
PCC segments are in contact with the support layer, which eliminates the
rocking or movement of the slab. If the slabs are not properly seated, then

excessive movement will take place and reflection cracking can occur.

Slabs have been seated using very heavy rollers in the load range of 35
to 50 tons. Steel wheel, pneumatic tire, ‘sheepsfoot, and vibratory rollers
have all been used. The most effective rollers found in the national study
were the vibratory sheepsfoot drum rollers. The steel drum rollers (without

vibrations) tend to bridge the slab segments; consequently, the roller does
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not seat the segment. Pneumatic tire rollers are also considered effective by

many agencies.

In the past, a variety of rolling speeds, passes, and weights has been
used. Experience has shown that the cracked pavement can be "over-rolled,"
which tends to weaken the subgrade. The strength of many fine-grained
subgrade soils is stress dependent, and the over-reclling process reduces the
modulus of the soil. It has been shown that deflections continue to increase

with continued rolling.

California suggests that not less than five passes of a 1l53-ton
oscillating pneumatic-tired roller or a vibrating sheepsfoot roller that
exerts a dynamic centrifugal force of 20,000 1b be used. The consensus
implies that 2 to 3 passes of a 50-ton pneumatic tire or 4 to 5 passes of a
35-ton pneumatic tire are adequate to seat the slabs. Additional rolling will

not be beneficial to pavement performance.

MAINTENANCE OF TRAFFIGC

There is a wide range of opinions concerning the maintenance of traffic
and time to overlay. Some States, such as Kentucky and Tennessee, require
that the overlay be placed within 24 hours of the crack and seat process,
Other States, such as California and New York, allow up to 14 or 15 days of

traffic before the overlay is placed.

Obviously, if the subgrade is weak, it is possible that traffic will
disturb the seated pieces. Also, the longer a section remains uncovered, the

greater the possibility of water infiltration due to rainfall.
Once again, the decision to open the section to traffic must be made on

an individual basis as determined by the individual agency or the project

engineer.
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UTILITIES AND CULVERTS

Cracking and seating should not be done over any subsurface utilities or
culverts; the process can damage utility structures. The cracking process

should be performed more than 5 ft from the utility/culvert locations.
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B. GUIDE SPECIFICATIONS

GENERAL

The following guide specifications are recommended for use only after

revision to reflect local agency policy and standards,

DESCRIPTION OF WORK

The work shall consist of cracking, seating, and overlaying portland

cement concrete pavements.

STANDARD SPECIFICATIONS

The standard specifications applicable to the work on this project are as
published in the current edition of (Local, State, Federal, Military)

"Standard Specifications.™

SUBMITTALS

Asphalt cement, aggregates, fabrics, and other materials associated with
the construction shall be inspected and approved by the agency or engineer
prior to their incorporation into the work. All asphaltic concrete mix
designs shall be submitted for approval prior to the start of work. The
contractor shall provide advance notice to the agency to permit testing and
approval of materials before placing orders. All samples and the collection

of samples will be forwarded without charge to the agency.

Unless otherwise designated, all tests will be done in accordance with
the most recently cited standard methods of ASTM or AASHTO--those current on
the date of advertisement for bids--or with other testing methods approved by
the agency and/or engineer. All materials are subject to inspection, testing,
or rejection at any time. Any work done with unacceptable materials used
without approval will not be paid for. The unacceptable materials will be

removed and replaced with acceptable materials at the contractor'’'s expense.
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Equipment

A list of equipment to be used shall be submitted to the agency and/or

engineer for approval prior to use on the project.
Manufacturer's Recommendations

Copies of the manufacturer’s installation procedures that are applicable
to the material and equipment shall be submitted to the agency and/or engineer

at the time the materials are submitted for approval.

CONSTRUCTION REQUIREMENTS

Breaking the PCC Pavement

Prior to the cracking of the pavement, any existing asphalt patching or

overlay shall be removed to the satisfaction of the engineer.

Breaking of the PCC pavement shall be accomplished with equipment that
has positive controls for the magnitude and location of the breaking force.
Unguided free-falling weights such as "wrecking balls" shall not be permitted
to crack the pavement. The equipment for cracking the concrete shall be
approved by the engineer and shall be capable of producing the desired
cracking without excessive displacement (no more than 1/2 in) or spalling of

the concrete.

Before the cracking operation takes place, the engineer shall designate a
test section area where the contractor can test the cracking procedure and
equipment. The contractor shall crack the pavement with various load
magnitudes and spacing until a satisfactory crack pattern is

established.
The PCC pavement shall be cracked such that the majority of the pavement

shall be in 18- to 24-in pieces with occasionally up to 30-in pieces.

Acceptance of the cracked slab size shall be at the discretion of the
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engineer. The contractor shall apply a minimum amount of water to the

pavement surface to help determine the extent of the cracking.

The contractor shall be required to crack the PCC slab for the full depth
of the pavement section. 1If the slab contains reinforcement steel, the bond

between the steel and the concrete shall be broken by the cracking process.
The contractor shall not crack the pavement within 53 ft of subsurface
utilities or culverts. Also, the contractor shall make provisions to protect

passing traffie from any flying debris.

Seating the PCC Pavement Segments

Afrer the pavement has been cracked, the contractor shall seat the
cracked pieces into the existing sublayer. The pavement shall be seated with
a pneumatic tire roller weighing a minimum of 35 tons or a vibratory
sheepsfoot roller. The number of passes of the roller shall be determined by
the engineer during theé cracking and seating of the test section. A minimum

number of roller passes shall be used to minimize softening of the subgrade.

Overlaving the Cracked and Seated Pavement

Traffic can be maintained on the cracked and seated pavement at the
discretion of the engineer; however, the pavement shall be cleaned of all
loose debris prior to overlay. The overlay shall be placed according to the

standard operating procedures of the agency.

MEASUREMENT AND PAYMENT

Method of Measurement

Cracked and seated concrete pavement will be measured by the square yard.
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Basis of Payment

The unit bid price shall include the cost of furnishing all labor,
materials, and equipment necessary to complete the crack and seat and overlay

work.
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APPENDIX

Figures 33 through 56 are plots of the maximum deflections measured in

the wheel path of the outer lame during the FWD testing.
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