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Purpose and Scope

The Guide to Concrete Overlays presents basic principles
needed by pavement engineers for the design and
construction of concrete overlays on existing asphalt,
composite, and concrete pavements. The intent is

to increase the technical proficiency of experienced
engineers while providing less experienced users with
the basic knowledge to successfully address the needs of
various types of concrete overlay projects. Additionally,
this guide is intended to help users better recognize the
versatility of concrete overlays, whether for application
on low-volume roads, city streets, primary roadways, or
Interstate highways.

The material in this guide takes users through important
considerations in designing and constructing concrete
overlays, starting with high-level scoping questions,
such as the type and condition of the existing pavement,
through detailed engineering considerations, such as
treatment of the jointing system.

This is the fourth edition of the Guide to Concrete
Overlays, with previous editions published in 2007,
2008, and 2014. This version has been updated with
current information on continuously reinforced concrete
pavement (CRCP) overlays, geotextile separation layers,
fiber reinforcement, design procedures, and lessons
learned from the experiences of numerous state highway
agency (SHA) engineers.

How to Use This Guide

The Guide to Concrete Overlays incorporates numerous
links to resource documents that provide additional
information about many of the topics presented in this
guide. Users are encouraged to consult these resources
for detailed information on such topics as concrete
overlay planning, construction, and repair.

In addition to this guide, the National Concrete Pavement
Technology Center (CP Tech Center) has developed

a set of resource materials—including webinars, tech
briefs, and manuals and guides—to train and educate
users on the applications and benefits of concrete overlay
technology. Resources that especially complement the
information in this guide include the following:

*__Guide for the Development of Concrete Overlay
Construction Documents (Gross and Harrington 2018)

»_ Typical Overlay Construction Plans (2018)

»_ Guide Specifications for Concrete Overlays (Fick and
Harrington 2016)
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These and other concrete overlay resources developed by
the CP Tech Center and its partners are available for free
download at https://cptechcenter.org/concrete-overlays/.

Benefits and Historical
Performance of Concrete Overlays

Concrete overlays offer public agencies an economical,
long-lasting solution for extending the life of an existing
asphalt, composite, or concrete pavement and contribute
meaningfully to an agency’s overall asset management
program. Relatively low-maintenance service lives of 20
years have been reported, with many overlays providing
30 to 40 years of service (McGhee 1994).

Concrete overlays are adaptable to a broad range

of pavement conditions and project needs, and

their excellent historical performance makes them

an attractive option for addressing even the most
challenging pavement preservation and rehabilitation
circumstances, as shown in Figure 1.1.

Todd LaTorella, ACPA, MO/KS Chapter, used with permission

Figure 1.1. Unbonded concrete overlay with geotextile
interlayer on Missouri Route D (top, in 2007 before overlay
construction; bottom, in 2020 after 12 years of service)
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Figure 1.2. Concrete overlays in 46 states (overlays constructed 1901-1999/overlays constructed 2000-2017)

Portland cement concrete (PCC, referred to in this guide
as simply “concrete”) has been used to resurface existing
pavements since at least 1901, and by the mid-1980s
concrete overlays were rapidly maturing into a standard
rehabilitation option for many agencies. According to

the American Concrete Pavement Association’s (ACPA’s)
National Concrete Overlay Explorer (ACPA 2021),

at least 46 states had built a collective total of 1,289
concrete overlays through 2017 (Figure 1.2).

Several resources document the history and excellent
performance of concrete overlays:

 History of Concrete Overlays in the United Sates
(Gross, forthcoming)

*_Concrete Overlay Performance on lowa’s Roadways
(Gross et al. 2017)

«_National Cooperative Highway Research Program
(NCHRP) Project 1-61: Evaluation of Bonded Concrete
Overlays on Asphalt Pavements (Pierce, forthcoming)

»_Performance of Concrete Overlays on Illinois
Interstates, 1967 through 2016 (Heckel and
Wienrank 2018)

Nevertheless, many agencies resort to either short-term
repair techniques or premature reconstruction. The latter
approach deprives agencies of the investment already
made in the existing pavement, an investment that can
be preserved by utilizing a concrete overlay.

Asset Management through the
Use of Concrete Overlays

As an adaptable, economical, and long-lasting pavement
resurfacing solution, concrete overlays can play a

key role in an agency’s asset management program.
Asset management involves a strategic and systematic
approach to managing pavements that relies heavily on
pavement management data and life-cycle cost analysis.

As part of an asset management program, a pavement
preservation strategy at the network level is a long-term
plan to enhance pavement performance by using an
integrated, cost-effective set of practices that extend
pavement life, improve safety, and meet motorist
expectations without reconstruction. Pavement
rehabilitation, an important option for pavement
preservation, is defined as a structural or functional
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Figure 1.3. Typical bonded and unbonded concrete overlay solutions at various stages of pavement service life

enhancement of a pavement that produces a substantial
extension in service life. As shown in Figure 1.3, concrete
overlays can be used throughout the life of a pavement to
address preservation and rehabilitation needs.

As an agency defines the abjectives of its asset
management strategy, an important decision is how

to address the sustainability of its pavement choices
while also making its pavements resilient to the extreme
weather events that are becoming more common.
Concrete overlays provide significant value for both
sustainability and resilience.

The Federal Highway Administration (FHWA), through
its Sustainable Pavement Program, has been actively
working with SHAs and industry to provide practical
guidance on how to make pavements more sustainable.
Concrete overlays can be used very effectively to meet
agency sustainability goals by preserving the equity
investment in existing pavements and by providing
long-life preservation or rehabilitation solutions. For
more information on pavement sustainability, refer to
the FHWA publication Towards Sustainable Pavement
Systems: A Reference Document (Van Dam et al. 2015).

The resiliency of pavement systems is also critical for
addressing the apparent trend towards more extreme
weather-related events, especially infrastructure

flooding. Concrete overlays can significantly contribute
to resiliency by “hardening” pavement systems from
storm damage and providing for the rapid restoration

of traffic without compromising a pavement’s long-term
performance. The Louisiana Transportation Research
Center report Impact of Hurricane Katrina on Roadways
in the New Orleans Area (Gaspard et al. 2007) concluded
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that concrete pavement experienced little relative loss

of strength due to being in a flooded condition when
similar submerged and nonsubmerged concrete roadways
were compared. Conversely, the report concluded that
submerged asphalt pavement experienced a strength loss
equal to 2 in. in thickness, resulting in the need for $50
million to rehabilitate the over 200 mi of submerged
asphalt pavements.

Concrete Overlay Options

Concrete overlays can be placed on existing asphalt,
composite, jointed plain concrete pavement (JPCP),
jointed reinforced concrete pavement (JRCP), and

CRCP and can be used effectively on existing pavements
in a variety of conditions. The specific details regarding
the type of overlay (bonded or unbonded), thickness,
joint pattern, load transfer devices (if any), and
reinforcement (for fiber-reinforced concrete [FRC] and
CRCP overlays) depend upon the following:

 Condition of the existing pavement
* Traffic loading

» Geometric constraints (such as curb and gutter
sections, guardrails, shoulder widths, and vertical
clearances)

 Desired design life

These decisions are straightforward, and this guide will
assist the user in determining how to develop a concrete
overlay solution to meet the needs of a specific project.


https://rosap.ntl.bts.gov/view/dot/38541
https://rosap.ntl.bts.gov/view/dot/38541
https://www.ltrc.lsu.edu/pdf/2007/07_2ta.pdf
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Concrete on Asphalt

Concrete on asphalt (COA) overlays can be designed to address a
broad range of existing pavement conditions on both composite and
full-depth asphalt pavements. Both bonded (COA-B) and unbonded
(COA-U) options enable designs to cost-effectively match the
condition of the existing asphalt—from deteriorated to good—as
well as geometric parameters.

COA-B (Full Depth and Composite) COA-U (Full Depth and Composite)

CP Tech Center

Figure 1.4. Four main types of concrete overlays

Based on the type of existing pavement being overlaid
and whether the overlay is bonded or unbonded,
concrete overlays are grouped into four main types:

 Concrete on asphalt—bonded (COA-B)
 Concrete on asphalt—unbonded (COA-U)
 Concrete on concrete—bonded (COC-B)
 Concrete on concrete—unbonded (COC-U)

Figure 1.4 illustrates the four overlay types.

Data from the ACPA’s National Concrete Overlay
Explorer (ACPA 2021) are useful for indicating the
prevalence of the different types of overlay systems.
Between 2000 and 2017, 29% of the concrete overlays
constructed in the United States were concrete on
concrete, including continuously reinforced pavements,
and 71% were concrete on asphalt, including
composite pavements.

All types of concrete overlays provide a simple, low-
risk, versatile option for addressing most pavement
conditions. In practice, however, the ACPA data show
more frequent use of unbonded systems, which can

be adapted to a wider range of existing pavement
conditions. Bonded systems, though not used as
frequently, are also in use by SHAs because they
capitalize more directly upon the structural value in the
existing concrete or asphalt pavement.

Concrete on Concrete

Concrete on concrete (COC) overlays can be designed for
applications on both existing jointed plain concrete pavement
(JPCP) and continuously reinforced concrete pavement (CRCP).
The predominance of COC overlay designs are unbonded (COC-U)
systems; however, bonded (COC-B) applications can be
successful, provided the existing pavement is in good condition.

COC-B (JPCP and CRCP) COC-U (JPCP and CRCP)

Construction and Quality
Assurance of Concrete Overlays

Concrete overlays are constructed using the same
materials, equipment, and processes as a concrete
pavement placed upon a base course. It is important that
best practices for material selection, mixture production,
construction, and quality assurance are followed. The
objective is to construct a durable, smooth concrete
overlay that will meet or exceed the designed axle
loadings over the life of the pavement. Information on
concrete overlay construction is provided in Chapter 8
of this guide.

Typical acceptance criteria for concrete overlays include
thickness, strength, air content, combined gradation,
and smoothness. Concrete mixture designs should
utilize standard materials and normal testing procedures.
Quality assurance for concrete overlays is outside the
scope of this guide, but comprehensive guidance is
available in the following resources:

»_Integrated Materials and Construction Practices (IMCP)
for Concrete Pavements: A Sate-of-the-Practice Manual,
Chapter 9. Quality and Testing (Taylor et al. 2019)

 Quality Control for Concrete Paving: A Tool for Agency
and Industry (Cavalline et al. 2021)

_Field Reference Manual for Quality Concrete Pavements
(Fick et al. 2012)
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Successful overlay performance begins with selection of
the appropriate overlay design for a given project. An
evaluation of the existing pavement helps determine
whether a concrete overlay is an appropriate option for
preventative maintenance or rehabilitation and, if so,

the appropriate overlay design. The evaluation of the
existing pavement is a multistep process that must be
approached carefully. Improper evaluation of the existing
pavement condition can result in an overlay design that
is inadequate for and/or incompatible with the needs of
the situation, leading to poor overlay performance.

The evaluation also identifies distresses in the existing
pavement to determine the appropriate overlay type for
the conditions and the repairs needed before an overlay
can be placed. In general, pre-overlay repairs should be
limited to only those necessary to facilitate the appropriate
overlay design, whether unbonded or bonded. Excessive
pre-overlay repairs are costly and may indicate that the
wrong type of overlay is being considered or the pavement
is not a good candidate for an overlay.

This chapter provides a step-by-step process for evaluating
the existing pavement and determining whether a

concrete overlay is an appropriate rehabilitation option.
The following steps should be followed in every case:

1. Determine the existing pavement type and condition

2. Make a preliminary determination of the existing
typical section layers and thicknesses

3. Conduct an on-site review and evaluation

4. Determine the need for milling and accommodating
adjustments of the profile grade

5. Verify the existing pavement condition: coring and
material testing

6. Determine the feasibility of a concrete overlay and
the appropriate overlay option

Determining the Feasibility of a
Concrete Overlay and Selecting
the Appropriate Design

Step 1. Determine the Existing
Pavement Type and Condition

Review as-built plans and pavement management
system records to determine the existing pavement
type. Preliminary examinations can be performed
virtually using digital data such as current images from
a pavement management system or Google Earth.
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This information can be used to assign a preliminary
condition rating (Figure 2.1).

When selecting an appropriate concrete overlay design,
assigning a pavement condition rating (good, fair, poor,
or deteriorated) is a subjective process. Engineering
judgment should be used because trigger values for
frequency and/or severity of distresses do not exist. The
illustrations and commentary in Figures 2.2 and 2.3 can
be used as general guidance in assessing and assigning
pavement condition ratings.

Step 2. Make a Preliminary
Determination of the Existing Typical
Section Layers and Thicknesses

Review historical documents to characterize the full
pavement structure. This step can be performed
concurrently with Step 1. From a review of as-built plans,
maintenance records, and pavement management system
data, at a minimum the following should be determined:

» Pavement layer types and thicknesses, by year of
construction

 Base and subbase types and thicknesses
 Subgrade soil type

If readily available, mixture design information

and construction quality control data should also

be collected for future reference in the assessment
process. An example of the information collected and
summarized during this step is shown in Table 2.1.

Table 2.1. Example summary of pavement layer and thickness

data for a composite pavement

3in. of Type X asphalt (2015)
* 5.5% binder
* 6.5% average in-place air voids

Asphalt surface

8 in. of JPCP (1971)
« 15 ft joint spacing
¢ 1% in. load transfer dowels

Concrete pavement

6 in. of dense-graded crushed
aggregate (1971)

Subbase

A-4, compacted to 95% standard

Subgrade
Proctor (1971)




Photos: Snyder & Associates, Inc., used with permission

Figure 2.1. Examples of determining existing pavement type and condition
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Step 3. Conduct an On-Site Review and
Evaluation

After obtaining the historical project information,
conduct an on-site inspection to further refine the
project team’s understanding of the pavement condition.
The on-site visual survey is perhaps the most important
step in evaluating the existing pavement condition.

Members of the design team should conduct the visual
examination. It is advisable to also have the local
maintenance engineer present to address questions about
recent and persistent pavement maintenance issues that
may influence the design of the overlay. At a minimum,
the items described below should be reviewed and
recorded for future reference.

Existing Pavement Distresses

For more details on evaluating distresses in existing
concrete pavements, consult the Guide for Concrete
Pavement Distress Assessments and Solutions:
Identification, Causes, Prevention, and Repair
(Harrington et al. 2018); for existing asphalt and
composite pavements, consult the FHWA publication
Distress Identification Manual for the Long-Term
Pavement Performance Program (Miller and Bellinger
2014). These documents are useful for identifying
pavement distresses and measuring their severity.

The evaluation of existing pavement distresses should
involve the following:

« Identify all pavement distresses.

« Refine the pavement condition assessment initiated in
Steps 1 and 2.

« Identify locations for pavement coring, which may be
needed to further investigate the causes and extent of
the pavement distresses.

 For concrete pavements and composite pavements, it
is important to identify any materials-related distress
(MRD). This may include alkali-silica reactions,
D-cracking, and joint deterioration from various
causes. The_Guide for Concrete Pavement Distress
Assessments and Solutions: Identification, Causes,
Prevention, and Repair (Harrington et al. 2018) can be
consulted to identify these distresses. In addition, note
slab stability under truck loading and observe whether
the slabs are stable or rocking.

« Estimate the extent of any needed pre-overlay repairs.

Drainage Conditions

The evaluation of drainage conditions should involve
the following:

» Review the profile grade for extreme bumps and dips,
which may indicate subgrade and/or drainage issues.

 Identify any moisture-related distresses and assess the
condition of edge drains, if present.

* Note any drainage-related structural failures. A
concrete overlay alone will not solve drainage issues.
Rather, drainage issues are generally addressed through
targeted drainage improvements, while drainage-
related subgrade damage is mitigated by improving
the pavement foundation.

Support Conditions

Note whether existing subgrade support conditions

are reasonably uniform or there are isolated areas that
may require pre-overlay repairs. Uniformity of support
is interpreted as the presence of a continuous uniform
support layer without major changes in stiffness that
could be initiation points for reflective distresses. The
following are common indicators of nonuniform support:

» Rocking panels and/or slabs that are cracked into
three or more pieces

« Differing support conditions where the overlay spans
the mainline-shoulder joint

 Areas of thin pavement after milling

» Existing pavements that have undergone extensive
full-depth repairs

Vertical Constraints

Identify and quantify all vertical constraints, such as
the following:

 Bridge structures

» Other overhead clearance requirements

Guardrails, parapet walls, cable barriers, and median
barriers

e Curb and gutter sections

» Storm sewer inlets

 Intersecting roadways and access drives
 Drainage conduits and culverts

» Safety slopes and ditches
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Existing Shoulders and Widened Sections

Carefully document the support conditions and widths
of existing shoulders and widened sections. For concrete
overlays less than 8 in. thick, a change in support
conditions between the mainline and the shoulders or
widened sections requires specific design considerations
for the longitudinal joints. Chapter 3 and Appendix A

summarize these considerations for various overlay types.

The characteristics of shoulders or widened sections can
also impact maintenance of traffic during construction;
they may need to be widened, resurfaced, and/or
structurally upgraded to accommodate phased traffic
strategies. See Chapter 7 and Appendix D for more
information on maintenance of traffic.

Additionally, note whether rumbile strips are present.
Depending upon the maintenance of traffic plans, these
may need to be filled. Rumble strips will also need

to be filled for an unbonded concrete overlay design
using a geotextile separation layer to allow independent
movement of the unbonded overlay.

Step 4. Determine the Need for Milling
and Accommodating Adjustments of
the Profile Grade

Up to this point, the evaluation process has been
focused on gathering the information necessary to
determine whether a concrete overlay is a viable
design option. At this point in the evaluation process,
it is necessary to calculate a preliminary estimate

of the concrete overlay thickness required to carry
the anticipated traffic over the overlay’s design life.
Information on developing a preliminary thickness
estimate is provided in Appendix A.

This estimate will also help determine any adjustments
to the profile grade that may be required. In some cases,
a concrete overlay will raise the profile grade, which
has many potential geometric and cost impacts on
existing roadway and roadside features such as bridges,
overpasses, barrier rails, drainage structures, utilities,
and so on. The estimated overlay thickness need not be
exact; £2 in. is typically sufficient to gauge the impacts
of raising the profile grade.

Milling

Milling the existing pavement is a way to mitigate the
adjustment to the profile grade when constructing

a concrete overlay. For existing asphalt-surfaced
pavements, milling also accomplishes the following (see
Chapter 8):

12 Guide to Concrete Overlays

» Removes surface defects such as partial-depth top-
down cracking, potholes, rutting, and shoving

 Controls the volume of concrete necessary for the
concrete overlay

 Enhances the bonding potential for COA-B designs

Determining whether milling is necessary and to what
depth is an iterative process. As the overlay thickness is
refined from a preliminary estimate to a final design and
as more information is known about the thickness and
condition of the existing pavement layers, the estimated
milling depth may need to be revised.

Roadway and Roadside Constraints on Vertical
Change in Profile Grade

Vertical constraints arise from a variety of existing
roadway and roadside features. The following are
the most common vertical constraints and potential
mitigation measures:

« Bridge structures require a transition from the overlay
section to a full reconstruction section to match the
existing profile grade.

» When overhead clearance requirements (overpasses,
signs, utilities, and so on) are violated by a change in
profile grade, a transition from the overlay section to
a full reconstruction section or milling of the existing
pavement to lower the profile grade is required.

» When possible, new safety slopes should be blended
to the existing ditch line (Figure 2.4). If safety criteria
cannot be met by blending the slopes, the ditch
should be regraded and the safety slope flattened
(Figure 2.5).

 For drainage conduits and structures, no mitigation
is necessary if the safety slopes can be blended to the
existing conditions (Figure 2.4). If the safety slopes are
regraded, the drainage structures should be extended
(Figure 2.5).

 Guardrails, parapet walls, cable barriers, and median
barriers may need to be raised and/or reconstructed to
accommodate a change in profile grade.

» When possible, the height of existing curb and
gutter sections should be matched by milling the
existing pavement to a depth equal to the overlay
thickness. Otherwise, the existing curb and gutter
section can be removed and replaced at the new
profile grade or overlaid.



» When possible, the heights of existing storm sewer Step 5. Verify the Existing Pavement
inlets and in-pavement utility structures should Condition: Coring and Material Testing

be matched by milling the existing pavement to a
Compiling accurate and sufficient data regarding the

depth equal to the overlay thickness. Otherwise, the o i o
structures can be raised to match the new profile grade. existing pavement s the objective of every pavement
evaluation. However, the recommended level of coring

* Intersecting roadways and access drives can be and material testing is dependent upon the functional
reconstructed as needed, or the new surfacing can be classification of the roadway. A summary of the coring
tapered from the existing to the new overlay profile and material testing that may be conducted is provided
grade. in Table 2.2. Note that coring is not optional. Every

project should be cored to verify the existing pavement
thickness and condition and to identify whether any
asphalt layers are prone to stripping.

Chapter 7 provides more information on addressing
profile transitions and curb and gutter sections.

Step 6. Determine the Feasibility of a
Concrete Overlay and the Appropriate
Overlay Option

This is the final step in determining whether a concrete
overlay is an appropriate design strategy for an existing
pavement and, if so, the appropriate overlay option. For
clarity, the process is summarized in Figure 2.6 with a
series of questions and possible overlay design outcomes
by existing pavement type.

Figure 2.4. Blending safety slopes to existing conditions

CP Tech Center

Figure 2.5. Regrading safety slopes and extending
drainage structures

Table 2.2. Suggested coring and material testing for evaluating existing pavement condition

Two cores per lane mile | Two cores per lane mile | Four cores per lane mile | Four cores per lane mile

Coring (Pavement Layer from the mainline and from the mainline and from the mainline and from the mainline and
Thicknesses) one core per lane mile one core per lane mile two cores per lane mile two cores per lane mile
from each shoulder from each shoulder from each shoulder from each shoulder

Falling Weight Deflectometer

N/A N/A N/A Yes
(Support Values)
Ground Pengtratlng Radar N/A N/A Yes, if core thlcknesses Yes
(Layer Thicknesses) are variable

Coring and Petrographic

Analysis When MRD is suspected in the existing concrete, quantify potential for future expansion and/or deterioration

Potential for Stripping

As warranted from a visual examination of the cores
(ASTM D4867)
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Figure 2.6. Determining the appropriate design strategy for a given project

Next Steps

Once a concrete overlay has been determined to be a
practical solution for a given project, the remaining
chapters of this guide summarize and recommend
various design and construction options:

»_ Chapter 3. Overview of Concrete Overlay Design

o Chapter 4. Concrete Overlays on Asphalt-Surfaced
Pavements
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Chapter 5. Concrete Overlays on Concrete Pavements

Chapter 6. Materials and Mixtures

Chapter 7. Plan Development

Chapter 8. Construction of Concrete Overlays
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Concrete overlay design procedures generally consider
user inputs such as anticipated traffic, climate,

support layers, material properties, slab geometry, and
performance criteria to develop a recommended overlay
thickness. The designed overlay thickness is a major
driver of overlay cost and is, therefore, a major factor in

whether a concrete overlay is selected for a given project.

Moving beyond thickness design, however, the
comprehensive design of concrete overlay systems
includes many additional components:

» Determination of the type and extent of pre-overlay
repairs

Selection of construction materials with the
appropriate properties

» Assumption of bonding or restraint at the interface
between the overlay and the existing pavement (i.e.,
whether the overlay is bonded or unbonded)

Design of edge support (e.g., for widened lanes or tied
concrete shoulders), if any is needed

Determination of overlay panel dimensions and
joint layout

« Selection of joint design details (e.g., load transfer
and sealant provisions), if special considerations are
required

Some of these components, such as joint layout and
construction material properties, can significantly
impact concrete overlay performance. Other inputs,
such as panel dimensions, joint details, edge support,
and bond condition, directly impact overlay thickness
and must be selected concurrently with, and as a part of,
the thickness design. The goal of a successful concrete
overlay design should be to address all overlay system
design components in a manner that balances cost with
desired performance in terms of quality and duration of
service life.

Concrete Overlay Thickness
Design

Designing a concrete overlay is a process that begins
with characterizing the existing pavement (as outlined
in Chapter 2), defining critical design variables, and
then calculating the required overlay thickness. For
more detailed information on thickness design, see

Appendix A.
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Typical Thickness Design Inputs and
Considerations

The following checklist includes many of the unique
factors and design inputs that should be considered in
overlay thickness design:

 Extent of pre-overlay repairs required

* Need for reflective crack control

» Overlay panel size

 Presence of reinforcement in the overlay slab

» Assumed bond or separation between the overlay and
the existing pavement

 Separation layer characteristics (if a separation layer
is used)

Several procedures are available for designing various
types of concrete overlays. A major factor in selecting a
thickness design procedure is the assumption of a bond
(or lack thereof) at the interface between the overlay and
the existing pavement.

The degree of bonding, mechanical interlock, or
frictional resistance (hereafter simply referred to as
“bond”) between a concrete overlay and the structural
layer immediately below plays a major role in the
behavior of and stress distribution through all layers in
the overlaid pavement system.

When the overlay and existing pavement layers are
bonded, they act together as a single layer with an
effective thickness greater than that of either the overlay
or the existing pavement and have a single neutral axis
with respect to bending (Figure 3.1, left). When no
bond exists between the overlay and existing pavement
layers, the two layers bend separately, with each layer
having its own neutral axis and each layer experiencing
both tension and compression (Figure 3.1, right).

For design purposes, the overlay’s bond with (or separation
from) the existing pavement is an assumed condition

that must be selected carefully to avoid premature overlay
distress. The structural impact of the overlay bond depends
on the quality and integrity of both the overlay and the
existing pavement, as well as the thickness of the existing
pavement. A bonded overlay should not be selected unless
the quality of the existing pavement (or the portion of that
pavement that will remain) is of sufficiently high quality
and adequate thickness.



CP Tech Center

Figure 3.1. Behavior of and flexural stress distribution through the layers of bonded and unbonded overlay systems

Overview of Common Concrete Overlay
Design Procedures

Four common procedures for designing concrete
overlays (with their associated software applications) are
listed below:

»  AASHTOWare Pavement ME Design

e PavementDesigner.org

 University of Pittsburgh’s BCOA-ME
 University of Pittsburgh’s UNOL Design v1.0

Each procedure has its own design basis, strengths, and
limitations. More detailed guidance on the selection and
use of these procedures can be found in Appendix A.

Key Design Considerations

Key design considerations for concrete overlays include
general considerations for all types of overlays and
considerations specific to the various overlay types.

Concrete overlay design parameters that vary by overlay
type include typical expected service life, existing
pavement condition requirements, slab thickness, panel
dimensions, use of dowels and tie bars, and use of
macrofibers. Table A.1in Appendix A summarizes these
parameters for various types of concrete overlays.

Refer to Appendix A for more detailed information on
the design considerations presented in this section.

Design Considerations for All Concrete
Overlays

Need for Uniform Support

For concrete overlays, as for concrete pavements in
general, uniformity of support is far more important
than strength of support. Thickness design can address
the presence of a strong or weak foundation but cannot
ensure good pavement performance if the foundation
includes areas with abrupt changes in support or isolated
large areas of stiffer or softer material.

Brand and Roesler (2014) and Roesler et al. (2016)
describe procedures for analyzing concrete pavements
under various nonuniform support conditions.
Additional information on pre-overlay pavement
evaluation is presented in Chapter 2.

Use of Macrofibers

Macrofibers are frequently used in concrete overlays
(especially for overlays 6 in. or less in thickness) to
provide improved resistance to cracking, enhance the
joint load transfer provided by aggregate interlock,
restrain joint openings, and help retain slab fragments in
place when cracks do develop. Additional information
on the use of macrofibers in concrete overlays is
presented in Chapter 6.

Chapter 3. Overview of Concrete Overlay Design
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Joint Activation

Joint activation (also called joint deployment) refers to
the development of a crack (a working joint) below the
sawcut made at a contraction joint. If a crack does not
form beneath the sawcut, the joint has not activated

or deployed, and the effective panel length is increased
from the nominal panel dimension to the distance
between the two nearest activated joints.

While construction practices can promote joint
activation, activation mechanisms are also driven by
certain pavement design parameters, including joint
spacing, overlay thickness, and type of separation layer
used (Gross et al. 2019).

Design Considerations for Concrete on
Concrete—Unbonded Overlays

Pre-overlay Repairs

Existing concrete pavement provides very strong support
to unbonded concrete overlays, and concrete overlays
typically “bridge” over existing minor pavement defects
such as cracks, spalls, faulting, and joint repairs without
experiencing reduced service life. Therefore, it is not
usually cost-effective to perform extensive pre-overlay
repairs before placing COC-U overlays. However,
designers should ensure that the existing pavement
provides reasonably uniform support to the overlay layer,
with no rocking panels or panel fragments and no large
areas of significantly different structural composition,
which can result from lane widening and large full-
depth asphalt repairs.

Panel Dimensions and Joint Layout

The guidance provided in FHWA Technical Advisory
T 5040.30 (FHWA 2019) for conventional jointed
concrete pavements is consistent with the successful
common practices that have evolved for jointing
COC-U overlays. Thinner COC-U overlays (6 in.

thick or less) are typically constructed with nominal 6 ft
square panels, while COC—U overlays with a thickness
of 8in. or more are typically constructed with full 12

ft lane widths and panel lengths ranging from 12 to

15 ft. COC-U overlays with intermediate thicknesses
(between 6 and 8 in.) can be built conservatively with
small panels but may be successfully built with full-lane-
width panels in locations with a mild climate and/or low
volumes of heavy traffic.
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Transverse Joints: Dowel Bars, Macrofibers,
and Sawcuts

Transverse joints for COC—U overlays can be either
plain or doweled (or, in the case of continuously
reinforced concrete overlays, nonexistent at locations
other than construction headers). Undoweled joints are
the most common transverse joint type for COC-U
overlays with thicknesses of less than 7 in. because
thinner overlays may not have sufficient truck traffic to
warrant the use of dowels. The size and placement of
dowels in COC—U overlays should be designed using
conventional techniques. Macrofibers have also been
shown to maintain acceptable load transfer in concrete
overlays without dowels, especially in thin (6 in. thick or
less), short-panel overlays.

The sawcut depth of transverse joints in COC-U
overlays is typically T/3, but the depth may need to

be greater (up to T/2) to prevent the development of
dominant joints when COC-U overlays are constructed
on geotextile fabric.

Longitudinal Joints: Location and Sawcuts

Longitudinal joints in COC-U overlays are generally
located to match lane lines (which may or may not
coincide with longitudinal joints in the underlying
pavement). An exception may be for widened lanes,
where panels are designed to extend some distance
beyond the outside lane boundary into the shoulder to
reduce load-related edge and corner stresses.

Additional longitudinal joints in COC-U overlays
(located away from the lane lines) are often required
for thinner overlays and overlays with smaller panels.
Care should be taken to avoid placing these joints
within wheel paths, where heavy traffic may cause rapid
development of cracking and spalling at the interior
corners, as shown in Figure 3.2 (King and Roesler
2014). For example, 4 ft wide panels have deteriorated
more rapidly than 6 ft wide panels of the same
thickness under heavy traffic because of longitudinal
joint placement.

Longitudinal contraction joints are typically formed
or cut to a depth of T/3. Care must be taken to ensure
that any tie bars present are not cut or damaged during
joint sawing.


https://www.fhwa.dot.gov/pavement/ta504030.pdf
https://www.fhwa.dot.gov/pavement/ta504030.pdf

Armen Amirkhanian, used with permission

Figure 3.2. Concrete overlay on composite pavement
photographed in 2012 after 13 years in service, with the
overlay exhibiting interior corner deterioration due to
longitudinal joints in the wheel paths

Joint Filling and Sealing

The primary use for joint filling and sealing is to prevent
water and solids from getting into joints. Joint filling
simply requires filling a sawcut with joint filler material
after proper preparation. Experience has shown that
joint filling is the recommended practice in areas where
deicers and/or abrasives are applied to pavements.

Joint sealing involves the use of a backer rod and

more rigorous preparation of a sealant reservoir than
joint filling. The use of an open-cell backer rod is not

recommended in areas where deicing chemicals are used.

The ACPA (2018) provides recommendations that are
valid for COC—U overlays concerning the need for (and
potential benefits of) filling and/or sealing concrete
pavement joints as a function of climate (whether
deicers and/or abrasives are used), traffic, posted speed
limit, and panel size.

Special Considerations for Continuously
Reinforced Concrete Pavement Overlays

Unbonded CRCP overlays on concrete pavement have
been (and continue to be) constructed in the US, with
Texas and Illinois having the most experience with this
overlay type. Details on the design and construction of
CRCP overlays are provided in Appendix B.

Thickness design for unbonded CRCP overlays should
be performed using AASHTOWare Pavement ME
Design. Asphalt separation layers are typically used

to ensure reliable crack spacing development in the
overlay. The only overlay joints that are required

are transverse construction joints and longitudinal
construction and contraction joints; sawcut depths and
widths for longitudinal contraction joints in unbonded
CRCP overlays are identical to those described
previously for COC—-U overlays. Sleeper slabs are
preferred over lugs and wide-flange beams for terminal
joints and transition slabs.

Design Considerations for Concrete on
Asphalt-Unbonded Overlays

COA-U overlays include unbonded concrete overlays
on both asphalt and composite pavements.

Existing asphalt and composite pavements are typically
treated as composite foundations for COA-U overlays,
and the overlay thickness is usually designed according
to the method used for a new pavement on a very stiff
foundation (which for COA—U overlays is the existing
pavement structure).

COA-U overlays are typically designed without a
separation layer because (1) there is usually no need to
isolate the concrete overlay from the asphalt to prevent
reflective distress and (2) a pure unbonded interface
condition is a conservative design assumption but

not a necessary construction condition for COA-U
overlays. The same is not true for COC—U overlays, for
which a separation layer is typically required to prevent
reflective distress.

Pre-overlay Repairs

COA-U overlays, whether placed on asphalt or
composite pavement, rarely require extensive pre-overlay
repair because (1) the overlay usually bridges intact
areas of raveling, fatigue cracking, and similar types of
existing asphalt or composite pavement distress and (2)
the overlay thickness design is unlikely to change as a
result of the repairs. It is only necessary that the existing
pavement provide reasonably uniform support to the
overlay layer, with no rocking panels or panel fragments
and no large areas of significantly different structural
composition. The existing pavement should be free of
wide joints and cracks, unrepaired potholes, and other
features that would permit the overlay to interlock or
“key” with the pavement.
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Even when no pre-overlay repairs are required, it may be
desirable to mill the pavement surface to eliminate deep
ruts or unstable asphalt layers or to reduce profile grade
changes that lower overpass clearances or create other
safety and geometric problems, such as the need to raise
guardrails or adjust ditch slopes.

Panel Dimensions, Joint Layout and Design,
and Joint Sealing

The guidance concerning panel dimensions, joint layout
and design, and joint sealing for COA-U overlays is
essentially identical to the guidance provided previously
for COC—U overlays. However, the presence of asphalt
surface rutting or the need for changes in pavement
cross section (e.g., to increase cross slope, make grade
corrections, or change superelevation) can introduce
additional design and specification considerations.

Special Considerations for Continuously
Reinforced Concrete Pavement Overlays

Several unbonded CRCP overlays on asphalt-surfaced
pavement were constructed in the US in the 1960s

and 1970s, and performance has been reported to be
satisfactory. Few additional unbonded CRCP overlays
on asphalt-surfaced pavement have been built in the

US in recent decades, except for some thin and ultra-
thin CRCP overlays on flexible pavements in transition
areas in Texas (Chen et al. 2016). Additional details
concerning the design and construction of these overlays
are presented in Appendix B.

Design Considerations for Concrete on
Asphalt-Bonded Overlays

COA-B overlays include bonded concrete overlays on
both asphalt and composite pavements.

General Design Considerations

A COA-B overlay should only be considered for an
existing asphalt-surfaced pavement that is in (or can
cost-effectively be restored to) good structural condition.
COA-B overlays are typically thinner than COA-U
overlays because of the increased structural capacity
afforded by bonding the concrete and asphalt layers.

The development and maintenance of an adequate

bond between the concrete overlay and the existing
asphalt pavement is critical to the performance of a
COA-B overlay. Loss of the bond (or failure to develop
an adequate bond) will accelerate the development of
pavement distress and reduce the overlay’s service life,
especially for thinner overlays. Existing design procedures
for COA-B overlays do not specifically address the
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required strength of the overlay bond but rather treat it
primarily as a construction issue because bond-related
failures rarely occur when proper construction and
curing techniques are used. Refer to Chapter 8 for
information on construction and curing practices.

The following items should be used to guide decisions
concerning the design and specification of COA-B
overlays:

 Foundation support conditions

» Required pre-overlay repairs

» Overlay materials

e Maximum overlay thickness

 Panel dimensions and joint layout and design
» Use of dowel bars, tie bars, and macrofibers
» Risk of reflective cracking

« Joint filling and sealing needs

» Achievement and maintenance of the pavement-
overlay bond

Special Considerations for Continuously
Reinforced Concrete Pavement Overlays

The only evidence of bonded CRCP overlays on asphalt-
surfaced pavement in the US is presented by Chen et al.
(2016), who describe some thin and ultra-thin CRCP
overlays on flexible pavements in transition areas in Texas.

Design Considerations for Concrete on
Concrete—Bonded Overlays

General Design Considerations

Thin bonded concrete overlays are rarely constructed on
existing concrete pavements for the following reasons:

 Successful construction of a COC-B overlay requires
that the existing pavement be in good to excellent
condition, and such pavements are rarely programmed
for rehabilitation or preservation unless major
increases in traffic volume or load (beyond the original
design levels) are anticipated.

» A good bond between the overlay and the existing
pavement can be achieved but requires heightened
attention to construction practices, concrete overlay
materials, and weather during construction.

 If the bond is lost, even locally at slab corners,
cracking is almost certain to develop quickly.
Remediation may require expensive, time-consuming
full-depth repairs.



The development and maintenance of an adequate bond
between the overlay and the existing pavement is critical
to the performance of COC-B overlays, especially for
thin overlays that provide little structure of their own for
carrying service loads.

Properly designed and constructed COC-B overlays
can reasonably be expected to provide a minimum
service life of 15 years before maintenance is required.
See Appendix C for further details on the design and
construction of this type of overlay.

Special Considerations for Continuously
Reinforced Concrete Pavement Overlays

Even less common than jointed COC-B overlays,
bonded CRCP overlays on concrete pavement are
usually economically viable only when very little pre-
overlay repair is required. Most recent examples of this
overlay type were constructed in Texas in the 1980s
and have yielded acceptable performance. Additional
information on the design and construction of CRCP
overlays is provided in Appendix B.

Thickness design for bonded CRCP overlays on concrete
pavement should be performed using AASHTOWare
Pavement ME Design. The only joints that are required
in this overlay type are transverse construction joints,
matched repair joints, and longitudinal construction

and contraction joints; sawcut depths and widths should
match those used for conventional COC-B overlays.

Additional Design Considerations
to Address Impacts of Profile and
Grade Changes

Changes to the pavement profile, cross section (e.g.,

due to lane widening), and cross slope (e.g., due to
improvements to surface drainage and superelevation)

that result from an overlay of any type can trigger certain
overlay design modifications and roadway design changes.

Refer to Appendix A for more detailed information on
the design considerations presented in this section.

Overhead Clearance

The presence of overhead structures, power lines, and
other features, combined with regulations for minimum
overhead clearance, may need to be addressed in the
overlay design.

Shoulder Considerations

Lane widening and lane additions often result in the
placement of concrete overlays on at least a portion of
the existing shoulder, which may provide a different
level of support than the travel lanes that underlie most
of the overlay, especially if the shoulder is unpaved.
This difference in support must be properly addressed
in design and construction to avoid longitudinal
cracking in the overlay over the existing pavement’s
lane-shoulder joint.

Barriers and Rails

Safety barriers, guardrails, and cable barriers may need to
be adjusted or reconstructed, depending on the change

in profile grade and the horizontal distance between the
edge of the pavement and the safety feature.

Foreslopes, Backslopes, and Across-
Road Drainage Structures

Overlaying an existing pavement with either asphalt

or concrete typically results in changes in the elevation
of the pavement edge, unless the existing pavement is
milled to allow placement of an inlay that maintains the
existing pavement’s profile and cross section.

Designers should address pavement profile changes in
ways that minimize the impacts to ditch lines, ditch
slopes, drainage structures, and available right-of-
way. Such impacts can be minimized (or eliminated)
by implementing the following design options as
appropriate: (1) inlay all or a portion of the new
surface layer, (2) maximize the pavement’s cross slope
within allowable limits, and/or (3) maximize the cross
slopes of the pavement and unpaved shoulder within
allowable limits.

Widening and Lane Additions

Concrete overlay projects provide opportunities

for widening pavements. Properly designed and
constructed widening sections reduce pavement edge
stresses, corner stresses, and deflections, thus reducing
panel cracking and joint faulting (i.e., the difference in
elevation between the opposing sides of a joint or crack
[Miller and Bellinger 2014]) while improving ride
quality and safety.
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Widening a travel surface using a concrete overlay
requires an evaluation of any changes in foundation
support, appropriate use of reinforcing steel, and proper
longitudinal joint placement. This is especially true

for widening overlays placed over existing concrete
pavements with unbound shoulder materials because

of the increased risk of longitudinal cracking along the
edge of the existing pavement. (Figure 3.3).

Some general recommendations for pavement widening
using concrete overlays include the following:

» Keep longitudinal joints out of wheel paths whenever
possible, especially for COA-B overlays.

 For unbonded overlays of asphalt or concrete pavement,
match the longitudinal joints of the overlay with the
longitudinal edge joints of the existing pavement and
add tied widening units when possible unless this results
in joints within wheel paths of the overlay.

» When the overlay is placed wider than the existing
pavement, avoid locating the edge joints of the overlay
more than 12 to 18 in. beyond the existing pavement’s
lane edges unless the existing shoulder has a structure
that provides support similar to that of the existing
pavement lane. If this cannot be done, follow the
guidance of the previous bullet.

 Tie widening units to either the overlay or to the
existing pavement using deformed bars (see the
widening detail in the example construction drawings
published by the CP Tech Center).

- For concrete overlays 5 in. thick or more, locate the
tie bars in the overlay at mid-depth. Refer to the

discussion on pavement widening details in Chapter 7.

- For concrete overlays less than 5 in. thick, secure the
tie bars to the surface of the existing pavement, taking
care not to allow traffic to loosen the secured tie bars.

Not every detail will apply to every project, but the
recommendations listed above can often be applied to
address project-specific issues.

Adding new lanes or shoulders can also present issues
unique to concrete overlay pavement design, especially
if there is variation in the underlying support of the
overlay or if the overlay is to abut a full-depth concrete
pavement. Joint load transfer systems are frequently
used in such cases when the overlay system is unbonded.
Longitudinal joint tie bars are used to ensure that edge
support is provided by aggregate interlock. The design
should address the possibility of differential settlement
and water infiltration at these locations.
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Armen Amirkhanian, used with permission (top); Matt Zeller, Concrete Paving
Association of Minnesota, used with permission (center and bottom)

Figure 3.3. Concrete overlay widening on lllinois Route 53 with
no longitudinal joint or reinforcing over existing pavement
edge (top); concrete overlay widening on Minnesota TH 212
with longitudinal joints and reinforcing over existing pavement
edge in some locations (center) and only reinforcing in other
locations (bottom)


https://intrans.iastate.edu/app/uploads/2018/08/CP_Tech_typical_overlay_construction_docs.pdf%2523page=6

To prevent cracking related to differential expansion and
contraction between a concrete overlay and a full-depth
concrete lane addition, use an isolation joint (i.e., a butt

joint with no tie bars) if the overlay is less than 5 in. thick.

In-Place Structures

Existing intakes and utility structures must be raised
to match the new pavement elevation. Typical details
for adjusting manholes are shown in an example
construction detail published by the CP Tech Center.

Curb and Gutter Details

Existing curb and gutter sections may pose overlay
design challenges related to the maintenance of surface
drainage, overlay profile elevation, and so on. Design
options and strategies for curb and gutter sections are
presented in Chapter 7.

Transitions

Concrete overlay designs usually require details
concerning the transition sections linking the concrete
overlay with adjacent pavement sections, adjacent
structures, and driveway entrances/exits. Transition
sections often feature isolated or otherwise unsupported
transverse end joints and have the potential to
experience impact loading as vehicles cross the end
joint. These conditions result in higher stresses in many
transition areas, necessitating the use of thicker concrete
sections and conventional deformed slab reinforcement,
wire mesh reinforcement, and/or macrofibers. Transition
lengths are usually based on the design speed for the
section. Additional details and examples regarding
transition sections are provided in Chapter 7.

Chapter 3. Overview of Concrete Overlay Design

23


https://intrans.iastate.edu/app/uploads/2018/08/CP_Tech_typical_overlay_construction_docs.pdf%2523page=8
https://intrans.iastate.edu/app/uploads/2018/08/CP_Tech_typical_overlay_construction_docs.pdf%2523page=8

24 Guide to Concrete Overlays



Chapter 4

Concrete Overlays on Asphalt-
Surfaced Pavements

Concrete on Asphalt-Unbonded Overlays
Application and Uses
Performance
Keys to Success

Maintenance and Repairs

Concrete on Asphalt—-Bonded Overlays
Application and Uses
Performance
Keys to Success

Maintenance and Repairs

26
27
27
27
29

29
30
30
30
33

Chapter 4. Concrete Overlays on Asphalt-Surfaced Pavements

25



Concrete on Asphalt-Unbonded (full depth)

CP Tech Center

Concrete on Asphalt-Unbonded (composite)

Figure 4.1. Bonded and unbonded overlays of existing asphalt and composite pavements

Concrete overlays on existing asphalt-surfaced
pavements encompass JPCP or CRCP overlays on
both asphalt pavements and composite pavements
(concrete that has been previously resurfaced with
asphalt). These overlays can be either bonded or
unbonded. (See Appendix A for a summary of the
overlay options on asphalt-surfaced pavements.)
Asphalt-surfaced pavements with significant
structural deterioration, inadequate base/subbase
support, or stripping of asphalt layers due to
inadequate drainage are not good candidates for a
bonded overlay; in such cases, an unbonded overlay
should be considered (Figure 4.1).
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Concrete on Asphalt-Unbonded
Overlays

Figure 4.2 shows a schematic view of two COA-U
overlays, one on an existing asphalt pavement and one
on an existing composite pavement.

Figure 4.2. COA-U overlays on existing asphalt (left) and
composite (right) pavements



Application and Uses

COA-U overlays generally have the following
characteristics and uses:

 Can be appropriate for asphalt and composite
pavements with significant hot-mix asphalt (HMA)
deterioration, such as severe rutting, potholes,
alligator cracking, subgrade/subbase issues, shoving,
and pumping

» Can be applied to composite pavements with slow-
reacting MRD and/or significant cracking

» Are designed as a concrete layer on top of the existing
pavement layer(s), assuming an unbonded condition
between the new and existing layers, and are typically
not designed to include a separation layer

» Are generally 6 in. thick or more for JPCP overlays or
7 in. thick or more for CRCP overlays

« Add structural capacity to the roadway

» Eliminate surface defects such as asphalt rutting,
shoving, and potholes

» Do not require extensive pre-overlay repairs but
may require spot repairs of certain areas to minimize
localized failures

» Do not rely on bonding, though some partial
bonding between the overlay and existing asphalt
pavement may occur and can improve the
performance of the pavement

See Chapter 2 for information about identifying
distresses in existing pavements, and see Appendix A for
information on unbonded overlay design.

Performance

Unbonded overlays of asphalt-surfaced pavements have
been used successfully in many states, with more than 30
years of good to excellent performance (as illustrated in
Figures 4.3 and 4.4). To learn more about the performance
history of COA-U overlays, refer to the following case
histories in the tech summary History of Concrete Overlays
in the United Sates (Gross, forthcoming):

» Case History #3-CR-56 in LaSalle County, Illinois
» Case History #4-US-287 in Kiowa County, Colorado
 Case History #7—1-69 in Grant County, Indiana

» Case History #8-1-35 in Love County, Oklahoma

Angela James Folkestad, ACPA, CO/WY Chapter, used with permission

Figure 4.3. Unbonded on asphalt

Brent Burwell, ACPA, OK/AR Chapter, used with permission

Figure 4.4. Unbonded on composite

Keys to Success

Pavement Evaluation

An evaluation of the existing pavement, described
in Chapter 2, is necessary to ensure that it is a good
candidate for an unbonded overlay. Some of the key
conclusions from the pavement evaluation should
include the following:

« Structural condition and estimated support values
»  Whether milling is required and, if so, to what depth(s)

» For composite pavements specifically, presence of
MRD, early stages of buckling due to degradation
and movement at the joints in the underlying
concrete pavement, and slabs that move or rock under
traffic loading

» Quantification of needed pre-overlay repairs

Asphalt pavements are good candidates for unbonded
overlays if the existing asphalt layer(s) can provide,
or can be cost-effectively repaired to provide, a
stable platform for the overlay. See Appendix A for
information on unbonded overlay design.
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Consideration should be given to the condition of both
layers (for composite pavements), variability in the
existing profile grade (possible evidence of active panel
movement), and the composite k value of all existing
pavement layers.

Overlay Design

Important design elements for COA-U overlays include
the use of the existing pavement as a base, overlay
thickness, mixture design, joints, and drainage. Refer to
Appendix A for additional information on the design
details noted in this section and Chapter 2 for information
on evaluating the condition of the existing pavement.

Use of the Existing Pavement as a Base. Inan
unbonded overlay design, the existing multilayered
pavement is treated as a support system that can be
characterized as a single layer of composite material.

The structural design assumes an unbonded condition
between the new overlay and the existing asphalt surface,
and COA-U overlays are typically not designed to
include a separation layer. The existing asphalt should

be evaluated for its ability to provide a stable subbase for
the unbonded overlay and resist future stripping.

Regardless of whether the asphalt will be milled

or remain in its existing condition, the minimum
thickness of remaining asphalt to be overlaid must

be adequate to provide a stable working platform
capable of withstanding all anticipated construction
traffic (specifically, trucks loaded with concrete); this is
typically at least 3 to 4 in. of sound asphalt.

For a composite pavement, if the existing asphalt is
determined to be unsuitable as a base for an unbonded
overlay, it can be milled off to expose the underlying
concrete pavement and can be treated as an unbonded
overlay of existing concrete utilizing a new separation
layer. Refer to Chapter 5 for information on COC-U
overlays.

Overlay Thickness. Unbonded overlay thicknesses
typically range from 6 to 12 in. The required overlay
thickness is affected by the overlay’s desired load-

carrying capacity and service life, as well as the condition

of the underlying pavement. Portions of a project with
significantly different existing pavement and subbase
conditions may be broken into separate sections that are
designed to specifically address those conditions.

Mixture Design. Conventional concrete mixtures are
typically used for unbonded overlays of asphalt-surfaced

28 Guide to Concrete Overlays

pavements. When accelerated opening to traffic is
desired, conventional concrete mixtures should be
proportioned for rapid strength gain without increased
shrinkage. For unbonded overlays less than 6 in. thick,
high-modulus structural fibers are often used to improve
the fracture toughness and post-cracking behavior of the
concrete. Refer to Chapter 8 for information on opening
overlays to traffic and Chapter 6 for information on the
use of fibers in concrete overlays.

Joint Design. Load transfer design for concrete overlays
is the same as that used for new concrete pavements.
Doweled joints are used for unbonded overlays of
pavements that will experience significant truck traffic
(such overlays are typically 7 in. or more in thickness).

Drainage. During the evaluation and design stages

of an unbonded concrete overlay project, the existing
subgrade drainage should be evaluated. Stripping of the
existing asphalt can lead to secondary consolidation of
the stripped layer, resulting in cracking of the unbonded
overlay due to nonuniform support. Steps should be
taken to ensure adequate drainage (e.qg., retrofitting edge
drains and using free-draining shoulder materials and
geotextiles). When underdrains are present, they should
be inspected with video cameras, cleaned, and repaired
as necessary.

Construction

Important construction elements for COA-U overlays
include use of direct placement, pre-overlay repairs,
milling, patch preparation, surface cleaning, concrete
placement, curing, and joint sawing. Refer to Chapter

8 for additional information on the construction and
maintenance activities noted in this section and Chapter
2 for information on evaluating the condition of the
existing pavement.

Use of Direct Placement. Direct placement without
milling is a viable option when rutting in the existing
asphalt pavement does not exceed 2 in. and there is

no significant surface deterioration or stripping of the
asphalt layers. Any existing pavement ruts are filled with
concrete, resulting in a thicker overlay above the ruts.

Pre-overlay Repairs. Unbonded overlays generally
require minimal pre-overlay repairs of the existing
pavement. If significantly distressed areas are not shifting
or moving and the subgrade/subbase is stable, costly
repairs typically are not needed (see Table 4.1).



Table 4.1. Possible pre-overlay repairs on existing asphalt-surfaced pavements in preparation for an unbonded overlay

Milling. If surface distortions in the existing pavement
are 2 in. or greater, milling is recommended prior to
placing an unbonded overlay. Milling can (1) eliminate
high spots to help ensure a minimum overlay depth, (2)
provide a more uniform overlay thickness to minimize
quantity overruns, and (3) remove damaged asphalt
material that is not suitable in a support layer.

Surface Cleaning. Before concrete placement, the
surface to be overlaid should be thoroughly swept
to achieve uniform contact and friction between the
concrete overlay and the existing asphalt surface.

Concrete Placement. Best practice is to pave on a damp
surface. When the asphalt pavement surface is at or
above 120°F (49°C), wetting can also reduce the surface
temperature and lower the risk of early-age cracking.
The pavement surface should be free of standing water
at the time of overlay placement.

Conventional concrete paving practices and procedures
for placing, spreading, consolidating, and finishing the
concrete overlay are followed. Because of variations in the
surface of the existing pavement, the concrete material
should be bid on a volume (cubic yard) basis. Some

states also include a bid item for placement, measured

on a square yard basis. See Chapter 7 for additional
information on estimating and bidding quantities.

Curing. Good curing practices are essential for overlays,
especially for thin unbonded overlays because of

their high surface area-to-volume ratio. Good curing

is accomplished by applying a high-quality curing
compound (as described in Chapter 6) at the specified
rate immediately after surface texturing and prior to

the occurrence of significant surface evaporation. (For
detailed information on curing, see_Curing Concrete
[Taylor 2013].) The cured surface and vertical faces
of the overlay should be free from streaks and appear
uniformly white like a sheet of paper.

Joint Sawing. Timely joint sawing is necessary to
prevent random cracking. Transverse and longitudinal
sawcut operations should be performed before any
uncontrolled cracking occurs.

Maintenance and Repairs

The recommended repair options for unbonded overlays
are the same as those for standard concrete pavements.

Concrete on Asphalt-Bonded
Overlays

Figure 4.5 shows a schematic view of two COA-B
overlays, one on an existing asphalt pavement and one
on an existing composite pavement.

Bonded concrete overlay

——

Existing asphalt

pavement

CP Tech Center

Figure 4.5. COA-B overlays on existing asphalt (left) and
composite (right) pavements
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https://www.routledge.com/Curing-Concrete/Taylor/p/book/9780367865566

Application and Uses

COA-B overlays generally have the following
characteristics and uses:

 Can be applied to asphalt or composite roads, streets,
and intersections in fair or better structural condition
with typical distresses such as rutting, shoving, minor
alligator cracking, and thermal cracking

« Are typically 6 in. thick or less

 Rely on the existing asphalt-surfaced pavement to
provide additional load-carrying capacity, with the
design assuming a bond between the overlay and
the existing asphalt surface to form a monolithic
structural section, thereby reducing stresses and
deflections (See Appendix A for information on
bonded overlay design.)

 Add structural capacity where traffic loads have
increased or are anticipated to increase

¢ Eliminate surface defects such as rutting and shoving

Performance

Bonded concrete overlays of asphalt-surfaced pavements
have been used successfully in many states to maintain
and rehabilitate asphalt pavements with surface defects
(as illustrated in Figures 4.6 and 4.7). Numerous

studies (such as NCHRP Project 1-61: Evaluation of
Bonded Concrete Overlays on Asphalt Pavements [Pierce,
forthcoming] and Concrete Overlay Performance on lowa’s
Low Volume Roadways [Gross et al. 2017]) have shown
bonded concrete overlays to deliver a durable surface
course, provided that (1) a sufficient bond exists between
the asphalt surface and concrete overlay (see Appendix A
for information on developing an overlay bond), (2) the
existing asphalt pavement provides adequate structural
support, and (3) panel sizes are selected to reduce slab
stresses and minimize early-age debonding.

To learn more about the performance history of COA-B
overlays, refer to the following case histories in the tech
summary History of Concrete Overlays in the United Sates
(Gross, forthcoming):

Case History #1-US-69 in Pittsburg County,
Oklahoma

Case History #2—SR-16 in Dawson County, Montana

Case History #5-US-89 in Provo, Utah

Case History #6-SH-13 north of Manchester, lowa
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Angela James Folkestad, ACPA, CO/WY Chapter, used with permission

Figure 4.6. Bonded on asphalt

Dan King, lowa Concrete Paving Association, used with permission

Figure 4.7. Bonded on composite

Keys to Success

Pavement Evaluation

An evaluation of the existing pavement, described in
Chapter 2, is necessary to determine whether a bonded
overlay is appropriate for a given project. Some of the
key conclusions from the pavement evaluation should
include the following:

Existing structural condition and estimated support
values

e Whether milling is required and, if so, to what depth(s)

*  Whether a minimum of 3 in. of sound asphalt
remains after any milling

» Quantification of pre-overlay repairs

Asphalt pavements with significant structural distresses,
inadequate base/subbase support, or stripping of the
asphalt layers are not good candidates for a bonded
concrete overlay; in such cases, an unbonded overlay
should be considered.


https://apps.trb.org/cmsfeed/TRBNetProjectDisplay.asp?ProjectID=4351
https://apps.trb.org/cmsfeed/TRBNetProjectDisplay.asp?ProjectID=4351
https://intrans.iastate.edu/app/uploads/2017/09/Iowa_concrete_overlay_performance_w_cvr.pdf
https://intrans.iastate.edu/app/uploads/2017/09/Iowa_concrete_overlay_performance_w_cvr.pdf

Composite pavements are not good candidates for a
bonded overlay if they display any of the following:

« Significant structural deterioration, inadequate or
uneven subgrade/subbase support, poor drainage
conditions, or stripping or delamination of the
asphalt layers

 Problems in the underlying concrete due to MRD

« Indications of possible future durability problems

Overlay Design

Important design elements for COA-B overlays
include overlay thickness, mixture design, joint design,
and drainage. Refer to Appendix A for additional
information on the design details noted in this section
and Chapter 2 for information on evaluating the
condition of the existing pavement.

Overlay Thickness. The design thickness for COA-B
overlays is generally 4 to 6 in., depending on the desired
load-carrying capacity and service life of the overlay
and the structural capacity provided by the underlying
pavement. Additional overlay thickness may be required
in transition sections to prevent movement of the
overlay panels adjacent to the existing asphalt pavement
and to reduce the potential for cracking due to traffic
impact loadings.

Mixture Design. Conventional concrete mixtures
have been successfully used for COA-B overlays. For
bonded overlays less than 5 in. thick, high-modulus
structural fibers are often used to improve the fracture
toughness and post-cracking behavior of the concrete.
(See Chapter 6 for information on the use of fibers

in concrete overlays.) These benefits apply to overlays
greater than 5 in. thick as well. Early opening times can
be identified by the use of maturity measurements. For
information on maturity testing, see Chapter 9 of the
IMCP manual (Taylor et al. 2019).

Joint Design. The recommended joint pattern for
COA-B overlays results in small, approximately
square panels, typically in the range of 3 to 8 ft, with

a preferred slab size of approximately 6 ft. Shorter
joint spacing helps maintain a low bond stress between
the concrete overlay and the asphalt and reduces load
and curling stresses in the slab. The use of tie bars for
bonded overlays should follow the guidance summarized
in Appendix A. Macrofibers can substitute for tie bars
in many sawn contraction joints, but tie bars are needed
for construction joints.

Filling the joints in bonded overlays has been proven

to improve performance in wet-freeze climates. For
information on joint filling and sealing, see the ACPA
tech brief Concrete Pavement Joint Sealing/Filling (ACPA
2018). For information on the performance of sealed
overlay joints, see Impact of Sealed Joints on Performance
of Thin Whitetopping at MNROAD (Burnham 2012).

Drainage. Stripping or delamination in the underlying
asphalt layer can lead to premature failure of the bonded
concrete overlay. During the evaluation and design stages
of a bonded concrete overlay project, the existing surface
and subsurface drainage should be evaluated in a manner
similar to that used for an asphalt resurfacing design.
When underdrains are present, they should be cleaned,
video inspected, and repaired as necessary.

Construction

Important construction elements for COA-B overlays
include use of direct placement, pre-overlay repairs,
milling, surface cleaning, concrete placement, curing,
joint sawing, and joint sealing. Refer to Chapter 8

for additional information on the construction and
maintenance activities noted in this section and Chapter
2 for information on evaluating the condition of the
existing pavement.

Use of Direct Placement. Direct placement without
milling is a viable option when rutting in the existing
asphalt pavement does not exceed 2 in. and there is no
significant surface deterioration or stripped layers in the
asphalt. Any ruts in the existing pavement are filled with
concrete, resulting in a thicker overlay above the ruts.

Pre-overlay Repairs. Recommended pre-overlay repairs
when placing bonded concrete overlays on existing
asphalt and composite pavements are summarized in
Table 4.2.

For existing composite pavements, vertical movement
of the underlying concrete should be mitigated with
full-depth repairs. For all existing asphalt-surfaced
pavements, if cracking in the existing pavement

is of medium to low severity, it can be controlled
without repairing the underlying pavement by adding
macrofibers to the overlay mixture or, in some cases,
by placing reinforcing steel over the joint/crack in the
existing pavement (see Figure 4.8). For information on
the latter method, refer to the example construction
detail published by the CP Tech Center.
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https://intrans.iastate.edu/app/uploads/2019/05/IMCP_manual.pdf%2523page=263
https://intrans.iastate.edu/app/uploads/2019/05/IMCP_manual.pdf%2523page=263
https://www.igga.net/wp-content/uploads/2018/08/ACPA_Joint_Sealing_Tech_Bulletin_2018.pdf
https://ww.sealnoseal.org/PDF/TRBmnRoad/BurnhamP125074.pdf
https://ww.sealnoseal.org/PDF/TRBmnRoad/BurnhamP125074.pdf
https://intrans.iastate.edu/app/uploads/2018/08/CP_Tech_typical_overlay_construction_docs.pdf%2523page=6
https://intrans.iastate.edu/app/uploads/2018/08/CP_Tech_typical_overlay_construction_docs.pdf%2523page=6

Table 4.2. Possible pre-overlay repairs on existing asphalt-surfaced pavements in preparation for a bonded overlay

Rutting =2 in.
Rutting <2 in.
Shoving, slippage

Crack width = maximum coarse aggregate size used in the
concrete overlay mixture

Crack width < maximum coarse aggregate size used in the
concrete overlay mixture

Low- to medium-severity potholes

High-severity potholes and/or areas needing full-depth repair

Mill
None or mill
Mill

Fill with suitable crack fill material or cementitious grout to prevent
overlay “keying” or interlock.

None

Remove loose material and fill integrally with the concrete overlay.

To prevent a single overlay panel from bonding to both asphalt and
concrete, make full-depth repairs across a full lane width with concrete
and adjust the transverse joint spacing in the concrete overlay to match
the location of the underlying patch. The full lane width prevents trying

to match a longitudinal joint to a partial lane patch.

James Cable

Figure 4.8. Placement of reinforcing steel over a crack in an
existing asphalt-surfaced pavement

Milling. Typically, milling asphalt surfaces to improve
bonding between the overlay and the existing pavement

is not required; however, consideration should be given to
milling asphalt surfaces that have little texture. The main
objectives of milling prior to placing a bonded overlay are
(1) to minimize raising the profile grade