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1. INTRODUCTION
The Florida Department of Transportation (FDOT) has experimented with asphalt overlay pavement
projects and monitored their performance for many years but has limited experience in the last two
decades with the use of concrete overlays. During this period several national research projects and
publications have been completed that provides a framework for best design, construction, and
maintenance practices for concrete overlays of both concrete and asphalt pavements. Due to the
decrease in local practitioners experienced with concrete overlays, there is a growing need for
guidance documents related to concrete overlay processes to ensure practical and cost-effective
pavement rehabilitation strategies for Florida-specific conditions. A comprehensive literature review
and survey of practices of concrete overlays is required to understand the effect of the different design
factors, identify potential benefits/drawbacks and, more importantly, determine the concrete overlay
strategies best suited for use in Florida.

The current project was initiated to provide needed guidance to successfully apply concrete overlays
as a rehabilitation and preservation method for pavements in Florida. Tasks envisioned to aid in
providing the needed guidance to FDOT include:

e Conducting a comprehensive literature review of relevant concrete overlay studies to understand
the effect of different design factors on long-term performance.
o Review National research and existing guidance documents
o Review FDOT-specific projects
e Identifying concrete overlay designs suitable for use on typical Florida roadways.
o Overlay of existing flexible or rigid pavement
o Identify when an overlay is an appropriate choice
o Develop design and decision-making guidelines
e Developing guidance documents:
o Construction guidelines
o Maintenance guidelines

These tasks are to be developed across 4 individual tasks; Task 1: Survey and Interview, Task 2:
Concrete Overlay Strategies, Task 3: Instruction and Guidelines, and Task 4: Webinar and Final
Documents.

This report was prepared in support of Task 1: Survey and Interview and is developed to report the
state of the practice for concrete overlays in neighboring states. The overall project aims to develop
strategies for optimizing the selection and design of concrete overlays in Florida and provide an
assessment of unbonded concrete over concrete, bonded concrete over asphalt, unbonded concrete
over asphalt, and bonded concrete over concrete overlays for use by FDOT.

2. INTERVIEW PROCESS
2.1. Agency Selection
Agency preselection was performed based on a review of states located entirely or in-part within the
same LTPP climate zone as Florida (wet non-freeze) including Oklahoma, Arkansas, Tennessee,
North Carolina, Texas, Louisiana, Mississippi, Alabama, Georgia, and South Carolina as shown in
Figure 1. Selection was further reduced by eliminating those agencies with dissimilar climate (non-
coastal) and surficial rock formations to Florida. Based on this criteria, Oklahoma, Arkansas, and
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Tennessee were eliminated from consideration. The review focused on the remaining neighboring
states that have reported concrete overlay construction (Error! Reference source not found.).
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Source: Rajaei & Baladi after ACPA
Figure 1. LTPP climate zones for the continental United States [1].

Source: CP Tech Center
Figure 2. Number of concrete overlays construction from 1910 through 2022 per U.S. State [2].
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2.2. Participants

Interview participation requests were sent to contacts at individual state agencies based on ARA
contacts at North Carolina, Texas, Louisiana, Alabama, Mississippi, Georgia, and South Carolina
from October through November 2024. Participants were requested to perform phone or web
interviews on the implementation and use of concrete overlays in their respective agency and state.
Positive responses to interview participation were received from North Carolina DOT (NCDOT),
Texas DOT (TxDOT), Louisiana (LaDOTD), and Alabama (ALDOT). Partial participation was
received from, Georgia (GDOT) with limited information via email on the use of concrete overlays
within their managed network, and no response was received from South Carolina (SCDOT) and
Mississippi (MDOT).

Interviews with participating agencies were performed using either Microsoft Teams or Cisco Webex
platforms between November 12 and November 21, 2024. When technically possible and agreed by
all participants, interviews were recorded and automatically transcribed. Written notes on all meetings
were taken by ARA to supplement audio transcriptions and those meetings where recording was not
performed.

Several interview participants were requested to provide supplemental design documents or
information based on individual interviews. Documents received by the time of this submittal have
been provided as an attachment to this report. Where documents have been requested but not yet
received the providing agency has been listed followed by, “Awaiting Receipt”.
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2.3. Questions and Topics

Interviews focused on design procedures, observations, and best practices for concrete overlays
including scoping, selection, construction, maintenance, and rehabilitation. Interview questions
focused primarily on bonded and unbonded concrete on asphalt overlays (COA-U and COA-B)
although unbonded and bonded on concrete-on-concrete overlays (COC-U and COC-B) information
was also requested. COA-U and COA-B overlays are the most likely overlay construction type to be
used by FDOT based on the current roadway system.

Sample questions developed for agency interviews for preliminary discussion included the following.
Follow-up questions were used to increase the value of discussion and to clarify information provided
by the agencies.

1. Does your agency currently manage any non-bridge concrete overlays in your pavement network?
a. What is the category of overlays and the total lane miles for each category?
b. What is the intent(s) of the overlays?

2. If agency implementation of concrete overlays was recent, what practices or recommendations
would you provide to improve program effectiveness?

3. How many years of experience does your agency have in using and managing concrete overlays?

a. When were your first and last overlays constructed?
b. How has the implementation of concrete overlays changed during this period?

4. What are some performance benefits and shortfalls observed with your concrete overlays?

5. How have concrete overlays performed relative to other overlays used in your network?

6. Does your agency intend to continue using concrete overlay on future projects?

a. What is the category of overlays?
b. When were overlays constructed and what was the design standard used?

7. Does your agency use life-cycle cost analysis (LCCA) in the selection and design of concrete
overlays?

8. Does your agency use alternative-bid, alternative-design, and or alternative procurement
procedures for concrete overlays?

9. Would you be willing to provide inspection, maintenance, and repair plans and records for
managed concrete overlays? Please provide typical section or construction plan details for the
construction sections.

10. What tools/procedures do you use to design concrete overlays?

11. Are there any design guidelines, documents, or standards which you recommend for use?

3. INTERVIEW RESPONSES
Across those interviewed, the prevalence of concrete overlays was generally uncommon with Texas
reporting the greatest number of overlays, followed by Louisiana, North Carolina, Alabama, and
Georgia. However, it should be noted that due to the size of Texas’ pavement network the relatively
low rate of concrete overlays still results in a relatively large amount of lane miles of concrete
overlays.

Interview responses as presented have been organized to fit into the preliminary questions. Additional

agency comments and statements are provided as appropriate. Reponses have been edited for brevity
and clarity. All responses are provided in italics.
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3.1. North Carolina

1. Does your agency currently manage any non-bridge concrete overlays in your pavement network?
NCDOT s network includes concrete overlays with the last major overlay project occurring
within the last 10 years between Durham and Raleigh. Several additional minor overlay projects
have also been completed in the past 10 years. Unbonded overlays are also being currently tested
on off-ramps along I-85.

a. What is the category of overlays and the total lane miles for each category?
Concrete overlays in the network consist of unbonded overlays of either concrete or
asphalt pavements generally constructed of jointed plane concrete pavement (JPCP).
Bonded concrete overlays are not used by NCDOT due to construction and durability
issues for projects approximately 20 years ago.

Roller compacted concrete (RCC) is not used for travel lanes but have been used for full
depth shoulder reconstruction.

b. What is the intent(s) of the overlays?
Improve service quality and extend service life.

2. If agency implementation of concrete overlays was recent, what practices or recommendations
would you provide to improve program effectiveness?
Agency implementation of concrete overlays was not recent.

3. How many years of experience does your agency have in using and managing concrete overlays?
a. When were your first and last overlays constructed?
Not discussed.
b. How has the implementation of concrete overlays changed during this period?
The state no longer uses bonded overlays due to previous construction and durability issues.

4. What are some performance benefits and shortfalls observed with your concrete overlays?
None noted.

5. How have concrete overlays performed relative to other overlays used in your network?
Unbonded concrete overlays have performed well in general.

6. Does your agency intend to continue using concrete overlay on future projects?
NCDOT is currently investigating the use of concrete overlays for off-ramps and are monitoring
the performance of existing sections. The existing asphalt/ABC on the ramps are milled to
maintain elevation with the mainline pavement. The primary reason for concrete overlays for off-
ramps was to address the rutting problems at the off ramps.

7. Does your agency use life-cycle cost analysis (LCCA) in the selection and design of concrete
overlays?
NCDOT uses a state level decision tree to evaluate rehabilitation / maintenance, but concrete
overlays are not a major component of this decision tree. LCCA is used to evaluate different
design options. The state is continuing to evaluate how to select and construct more cost-effective
long-term pavements due to decreased purchasing power and reduce budget allotments.
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8. Does your agency use alternative-bid, alternative-design, and or alternative procurement
procedures for concrete overlays?
Alternative-bid, alternative-design is used to gauge competitiveness. Alternative contracting is
also being considered but the agency is currently evaluating the impacts of different contracting
methods.

9. Would you be willing to provide inspection, maintenance, and repair plans and records for
managed concrete overlays? Please provide typical section or construction plan details for the
construction sections.

Not provided at this time.

10. What tools/procedures do you use to design concrete overlays?
Design follows AASHTO 93, however NCDOT specifies a minimum depth of 10 inches, resulting
in most overlays being at least 10 inches thick.

11. Are there any design guidelines, documents, or standards which you recommend for use?
Concrete overlays are required to have a drainage layer. This layer has historically consisted of a
3-inch permeable hot-mix asphalt (HMA) layer. Current design uses a nonwoven geotextile.
Designs are also required to incorporate a 1-1/2-inch HMA bond breaker.

12. Other comments?
Lack of knowledge including within the agency and with contractors may be an issue as there
may not be a suitable base to review and construct pavement systems not currently in use.
NCDOT also lacks a research group to enable the transfer of alternative designs and technology
to the agency.

3.2. Texas

1. Does your agency currently manage any non-bridge concrete overlays in your pavement network?
TxDOT currently manages concrete overlays throughout its network but does not consider
overlays to be a common practice.

a. What is the category of overlays and the total lane miles for each category?
The percent of concrete pavements with overlays is small across the network. For those
with overlays 80-90% are asphalt over concrete (AOC), remaining portions are COC.
Most pavements are continuously reinforced concrete pavement (CRCP).

Texas has approximately 16,000 lane miles (LM) of CRCP and 4,000 LM of JPCP. JPCP
lanes miles are concentrated around Dallas and continue to decrease while CRCP
continues to increase.

b. What is the intent(s) of the overlays?
Overlays are generally performed to address distresses such as excess cracking (primary
travel lanes) and rutting or shoving (intersections), extending service life of the
pavements.

©2024 Applied Research Associates, Inc. (ARA)

4 ARA




BED49 TWO 977-13: Concrete Pavement Overlay State-of-the Practice for Florida Conditions

2. If agency implementation of concrete overlays was recent, what practices or recommendations
would you provide to improve program effectiveness?
Concrete overlays are not recent to TxDOT. However, a significant increase in the number of
overlays is expected to occur over the next several years due to age of the existing pavement
network. The typical age of CRCP pavements is 40 to 50 years. Early service life designs were for
20 years, more recent service life design were 30 years, and a recent analysis indicates service
lives of 40 years for previous designs. Maintaining these pavements have required overlays.

3. How many years of experience does your agency have in using and managing concrete overlays?
TxDOT has several years of experience and has been installing concrete overlays since shortly
after the first installations of CRCP.

a. When were your first and last overlays constructed?
There have been a number of overlays over the past 20 years and approximately two
overlays in the past 10 years for primary travel lanes.

TxDOT has experimented with overlaying joint reinforced and non-reinforced jointed
plain concrete pavement (JPCP) with CRCP in 2010 and 2024. The 2010 overlay
consisted of 4 to 5-inches of bonded overlay (COC-B) installed over the worst surveyed
sections of JPCP in the state. This repair has held up relatively well until 2023 when
issues were noticed. Issues with this overlay appear to be related to debonding at the
original pavement joints where supplemental reinforcement was installed. TxDOT is
investigating this issue.

This year (2024) a second overlay of JPCP was performed using a 7-inch bonded CRCP
to address cracking and faulted JPCP. This overlay method or similar is being considered
for all other JPCP sections exhibiting excess distress or other issues.

Unbonded CRCP overlays of CRCP (COC-U) has also been used on older segments
showing distresses. These segments typically use a 3-inch HMA bond breaker.

A single 3-mile long whitetopping project on a truck traffic bypass was also constructed
in 2017-18 and continues to perform fairly well and generally look good; distress is most
noticeable to the tie-in locations. TxDOT also has a handful (6 to 9) whitetopping
projects (COA-U/B). These were primarily installed at intersections to address rutting
and shoving.

b. How has the implementation of concrete overlays changed during this period?
Several design changes have been made as noted in other questions.

4. What are some performance benefits and shortfalls observed with your concrete overlays?
Primary CRCPs have exceeded their design life resulting in limited prior need for overlays.

Whitetopping overlays used at intersections included both 3 x 3 and 6 % 6 panel sizes both with 4
to 5-inches in thickness. 3 % 3 panels tended to fail in wheel paths while 6 X 6 panels held-up.
Additional issues were observed with shoving/moving of the short-jointed panels when the
concrete overlay was placed on top of new HMA. i.e., when the existing asphalt was milled,
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overlaid with an inch or two of new HMA, and then white-topped with short-jointed concrete
overlay. This shoving/moving of the short-jointed slabs was not an issue when the whitetopping
was placed directly on top of the milled existing HMA.

5. How have concrete overlays performed relative to other overlays used in your network?
The most common overlay is a 2-inch HMA overlay on CRCP (AOC) to address CRCP issues,
particularly delamination. Some districts opt to install HMA overlays immediately on newly
constructed CRCP. For spalling, an ultrathin concrete overlay (2-inches, COC-B) has been used
with mixed success, with ultrathin overlays sometime debonding while others hold up well. As a
result, the state has generally moved away from ultrathin overlays.

6. Does your agency intend to continue using concrete overlay on future projects?
Yes, Texas is a CRCP / concrete state. An increase in the number bonded CRCP over JPCP
overlays is expected in the coming years along with an increase in CRCP over CRCP overlays
due to the age of the existing network. Whitetopping may also increase based on the current
performance.

a. What is the category of overlays?
COC-U and COC-B primarily; limited COA-U.

b. When were overlays constructed and what was the design standard used?
See Questions 3 and 11.

7. Does your agency use life-cycle cost analysis (LCCA) in the selection and design of concrete
overlays?
District pavement engineers determine which pavements to treat and generally guide the
maintenance, design, and rehabilitation process. Assistance is provided by the Central Office
regarding design and guidance towards decision making. LCCA is part of the decision-making
process, but it is used as guidance not as a hard-requirement. The state does not have a well-
developed decision-making process at the time.

8. Does your agency use alternative-bid, alternative-design, and or alternative procurement
procedures for concrete overlays?
Not discussed / disclosed.

9. Would you be willing to provide inspection, maintenance, and repair plans and records for
managed concrete overlays? Please provide typical section or construction plan details for the
construction sections.

Several documents requested see the Appendix.

10. What tools/procedures do you use to design concrete overlays?
TxDOT uses Texas ME, a state developed ME program for unbonded overlays with CRC as a
final surface. Bonded overlays use AASHTO 93 as an approximation and work with a university/
researcher to perform detailed design. The state is moving towards deflection-based design using
FE modeling; research was started several years ago and a recent active research project is
developing a refined design process.
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Specific section details are provided for non-whitetopping overlays in Question 3.

11. Are there any design guidelines, documents, or standards which you recommend for use?
Texas has had success with ME and deflection-based design methods.

12. Other Comments?

TxDOT does not intend to use RCC overlays but has used RCC for parking lots with heavy truck
traffic. Previous RCC experience with primary travel lanes (not as an overlay) result in poor
performance due to unconsolidated concrete at the bottom of the slabs with construction occurring in
2016 and panel cracking and rocking observed prior to 2024.

Whitetopping and other overlays have not used structural additives such as macrofibers.

3.3. Louisiana
1. Does your agency currently manage any non-bridge concrete overlays in your pavement network?
Yes, LaDOTD's network includes concrete overlays including COA and COC.

a. What is the category of overlays and the total lane miles for each category?
Whitetopping (COA) is the most common concrete overlay performed in Louisiana with
current sections exhibiting several years of success and good performance. COC-B is
also used including JPCP over CRCP. Unbonded overlays are not common and only one
unbonded overlay constructed in the 1990s is known.

b. What is the intent(s) of the overlays?
Overlays are mainly used to address continued maintenance issues, generally to reduce
rutting in heavy load locations. Historically concrete overlays were used to increase
roadway capacity, but this is no longer common.

2. Ifagency implementation of concrete overlays was recent, what practices or recommendations
would you provide to improve program effectiveness?
Not discussed.

3. How many years of experience does your agency have in using and managing concrete overlays?
LaDOTD has several decades of experience however, the use of concrete overlays is relatively
infrequent with only about two dozen projects across the state in the last 30 years. Less than 10%
of all overlays performed are concrete.

a. When were your first and last overlays constructed?
Most overlays were constructed in the 1980s — 90s and the last major CRCP project was
2005-2008 with an 11" CRCP. A single unbonded overlay was construction in the 1990s.
More recently a 4-inch bonded JPCP over CRCP was constructed and current a 5-inch
bonded JPCP over CRCP is under construction. Lengths for all overlays generally
limited to an intersection; 1,000 feet or less for primary travel lanes, and infrequently up
to a mile.

b. How has the implementation of concrete overlays changed during this period?
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Implementation of concrete overlays have largely not changed. Overlays are selected as a
reaction to poor performance.

4. What are some performance benefits and shortfalls observed with your concrete overlays?
When used overlays have generally had good performance.

5. How have concrete overlays performed relative to other overlays used in your network?
Whitetopping has been elected for use where AOA overlays failed to perform.

6. Does your agency intend to continue using concrete overlay on future projects?
LaDOTD plans to continue the use of concrete overlays as a reactive measure. The use of
concrete overlays is also considered on 1-49 in the future.

a. What is the category of overlays?
Whitetopping (COA-U) is the most likely future overlay.

b. When were overlays constructed and what was the design standard used?
See Question 3.

7. Does your agency use life-cycle cost analysis (LCCA) in the selection and design of concrete
overlays?
LCCA is generally not used as overlay selection is a reactive decision. Selection of what
corrective action to perform is completed at the district level to address specific concerns.

8. Does your agency use alternative-bid, alternative-design, and or alternative procurement
procedures for concrete overlays?
Alternative-bid, alternative-design is used infrequently. Like LCCA these were more common
greater than 20 years ago.

9. Would you be willing to provide inspection, maintenance, and repair plans and records for
managed concrete overlays? Please provide typical section or construction plan details for the
construction sections.

Several design documents have been requested. See Appendix.

10. What tools/procedures do you use to design concrete overlays?
Pavement design including for overlays is based on AASHTO 93, Colorado DOT Design
Spreadsheets, and the Colorado design software to confirm results.

Design is is generally based on what has worked well in the past with 4 X 4 x 4 and 6 x 6 X 6
panels standard. 4 x 4 X 4 panels are the most common currently with a 4-inch mill prior to
construction. Historically 6 x 6 x 6 panels were more common.

11. Are there any design guidelines, documents, or standards which you recommend for use?
The state uses the CP Tech Center Guide for Concrete Overlays for design, planning, inspection,

specifications, and general information.

12. Other comments?
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RCC type overlays not widely used; occasionally used for parking / heavy load, and shoulders.
Shoulder performance was not as good as desired due to construction issues. Lack of local
expertise and experience is a limiting factor to RCC use at volume.

There is no significant industry push for concrete pavements or concrete overlays despite having
a relatively strong concrete industry.

3.4. Alabama

1. Does your agency currently manage any non-bridge concrete overlays in your pavement network?
ALDOT has concrete pavements in general use limited concrete overlays however concrete
surface roads are 3% or less of total surface pavements across the state and almost 0% for state

managed roads. The most recent major overlay was several decades ago, although it remains in
use.

a. What is the category of overlays and the total lane miles for each category?
The most common overlays are on state routes at intersections using conventional
whitetopping (9 to 12-inches typical).

The previous major overlay was an unbonded 11-inch JPCP (COC-U) with widened
outside lanes over heavily distressed concrete. The existing slabs were repaired and joint
tied prior to overlay. No surface grinding was performed due to the high carbon content
in local aggregates resulting low friction. The section remains in good shape today, with
good ride quality, and is relatively smooth.

b. What is the intent(s) of the overlays?

The primary use of overlays is to reduce rutting and other distresses due to heavy truck
traffic (intersection whitetopping).

2. Ifagency implementation of concrete overlays was recent, what practices or recommendations
would you provide to improve program effectiveness?
Not discussed.

3. How many years of experience does your agency have in using and managing concrete overlays?

a. When were your first and last overlays constructed?
Unsure on the first overlays but there have been several recent overlays with
approximately 10 state route intersections constructed in the last three years.

b. How has the implementation of concrete overlays changed during this period?
The use of ultrathin (2 to 4-inches) and thin (4 to 6-inches) overlays used to be more
frequent over 15 years ago but has fallen out of practice. Current overlays are 9 to 12-
inches typically.

4. What are some performance benefits and shortfalls observed with your concrete overlays?
Where used (intersections) concrete overlays have reduced road distress and maintenance.

5. How have concrete overlays performed relative to other overlays used in your network?
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Concrete overlays have performed well where used. Where concrete pavements are present, they
are typically 30 to 40 years old or older.

6. Does your agency intend to continue using concrete overlay on future projects?
Concrete overlays are likely to remain a minor part of pavement management.

a. What is the category of overlays?
COA-U at intersections is likely to be the primary concrete overlay.

b. When were overlays constructed and what was the design standard used?
See Question 1.
7. Does your agency use life-cycle cost analysis (LCCA) in the selection and design of concrete
overlays?
The state does not currently use LCCA for pavement design due to the concern that long-term
projections are not likely to meaningfully reflect reality.

8. Does your agency use alternative-bid, alternative-design, and or alternative procurement
procedures for concrete overlays?
Approximately 1 in 10 projects use an alternative-design / alternative-bid process.

9. Would you be willing to provide inspection, maintenance, and repair plans and records for
managed concrete overlays? Please provide typical section or construction plan details for the
construction sections.

Two design documents requested. See Appendix.

10. What tools/procedures do you use to design concrete overlays?
Concrete overlay design for Alabama follows DARWin [AASHTO 93]. Jointing is based on the
Alabama Concrete Pavement Association guidelines, developed in part with the CP Tech Center.
The common design life for all new pavement projects and rehabilitation across the state is 20
years.

11. Are there any design guidelines, documents, or standards which you recommend for use?
No recommendations, the CP Tech Center documents have been helpful.

12. Other comments?
RCC overlay are not use for primary travel lanes. RCC has been used for shoulders, ramps, and
several production facilities. Several shoulder projects have been constructed in the last two
years with a 5-inch typical depth and have demonstrated great performance.

We expect similar concrete overlay use in neighboring states, although North Carlonia may have
up to 10%.

3.5. Georgia

Information provided by Georgia at the time of publication was limited to the use of concrete
overlays. When used overlays are generally white toppings at intersections with high loading / high
truck traffic exhibiting shoving and rutting. Limited use outside of intersection whitetopping in the
last decade.
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4. SUMMARY OF RESPONSES
A brief summary of results by topic, is provided below. Individual survey responses should be used
for detailed information and discussion on agency practices.

4.1. Prevalence and Types of Concrete Overlays

Across all respondent agencies the use of whitetopping, or the installation of concrete overlays over
asphalt pavement was practiced. Whitetopping was most commonly used at intersections to reduce
rutting and shoving of HMA. Conventional (6 to 12-inches) thickness was most frequent followed by
thin (4 to 6-inches). Ultrathin has been used by several agencies in the past but is generally no longer
practiced. TxDOT has found that in practice, the size of panels used influence durability with larger
panels (6 x 6) exhibited improved performance compared to smaller panels (3 x 3).

TxDOT and NCDOT have the most experience with primary travel lane overlays with TxDOT using
ultrathin, thin, and conventional overlays of both concrete and asphalt pavements. Ultrathin overlays
tend to be plain concrete over CRCP to address spalling, thin and conventional overlays tend to be
CRCP over CRCP although recently CRCP over JPCP has also occurred. NCDOT has generally used
JPCP over JPCP or other existing concrete pavements. The remaining states have limited recent
experience with primary travel lane concrete overlays.

4.2. Bond Types and Separation Layers

The majority of states focus on unbonded overlays with NCDOT requiring concrete overlays to be
unbonded. Conversely, most concrete overlays constructed by TxDOT are bonded. This preference
towards unbonded may be in part due to the condition of roadways (existing CRCP) at the time of
overlay construction.

Bond agents were not discussed during interviews, but details may be provided in design documents
when received. Both NCDOT and TxDOT typically use HMA overlays as bond breakers although
NCDOT also requires the use of a drainage layer, commonly composed of geosynthetic material.
TxDOT noted the potential for shoving of new HMA material for intersection whitetopping projects.

4.3. Joint and Structural Design

Joint design for concrete overlays was most commonly between 4 x 4 and 6 x 6 (feet) across
surveyed agencies. Smaller panel sizes (3 x 3) were historically used by TxDOT but are no longer
used due to poor performance. TxDOT also uses continuous concrete overlays for ultrathin overlays
of concrete pavements.

The majority of surveyed agencies did not provide reinforcement design details, however details are
anticipated to be included in required reports and design documents. No interviewed agencies stated
the use of structural additives such as macrofibers during interview sessions.

4.4. Service Life

All agencies reported that, in general, service life of concrete overlays was good, reflecting an
improvement over the original pavement surface. However, detailed service life information was
generally not provided. The majority of agencies reported that the use of whitetopping was intended
to reduce maintenance with repairs potentially not directly design for a specific service life.
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4.5. System Resiliency

Where used, system resiliency was generally reported as increased, even in cases where overlays are
atypical but existing overlays remain in use. The use of overlays as a means to reduce distress and
maintenance at intersections was reported by all agencies to improve system performance and
resiliency.

4.6. Design Methods

Only one of the interviewed agencies use mechanistic-empirical (ME) design processes: Texas ME
(TxDOT). The remaining agencies rely on the use of AASHTO 93 Design Guide documents,
Colorado Design Standards, or a combination of AASHTO 93 and agency minimum standards.
TxDOT is also actively developing a deflection-based design process and custom design software to
supplement Texas ME. Both LaDOTD and AIDOT indicated the use of concrete industry design
guidance provided through the CP Tech Center.

4.7. Decision Making, LCCA, and Alternative-Design / Alternative-Bid

The use of decision-making trees or other decision guidance processes were use in part by the
majority of interviewed agencies. However, decision guidance was non-binding and agencies
indicated that repair selection and section selection tended to be performed at the district level with
assistance provided by the state design offices. LCCA was used as a similar non-binding guidance
tool when practices for NCDOT and TxDOT but was not part of regular practice for AIDOT or
LaDOTD.

Similar to decision making and LCCA, the use of Alternative-Design / Alternative-Bid was reported
as generally infrequent in use and as a means to check competitiveness of concrete overlays and other
repair and rehabilitation options.

5. CLOSING REMARKS
This report was prepared in support of Task 1: Survey and Interview and is developed to report the
state of the practice for concrete overlays in neighboring states and state agencies. The overall project
aims to develop strategies for optimizing the selection and design of concrete overlays in Florida and
provide an assessment of unbonded concrete over concrete, bonded concrete over asphalt, unbonded
concrete over asphalt, and bonded concrete over concrete overlays for use by FDOT. Results of these
interviews will be incorporated into project Deliverable 2 and Deliverable 3. Additional resources
provided by state agencies are provided under Attachments. Some of requested information has not
been provided to ARA by agencies at the time of originally publishing; these documents will be
provided as a supplemental submittal after being received.

ATTACHMENTS

Attachment 1. Alabama Interview — Concrete Overlay Design Guidance Spreadsheet (attached)
Attachment 2. Alabama Interview — Pavement Design Guidelines (attached)

Attachment 3. Louisiana Interview — Colorado Design Standard (attached)

Attachment 4. Louisiana Interview — Whitetopping Report (attached)

Attachment 5. Texas Interview — CRCP Overlay Report (attached)

Attachment 6. Texas Interview — Overlay Selection and Design (attached)
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1. INTRODUCTION
1.1. Project Background
FDOT has limited experience in the past two decades with the use of concrete overlays. During this
period several national research projects and publications have been completed that provides a
framework for best design, construction, and maintenance practices for concrete overlays of both
concrete and asphalt pavements. Due to the decrease in local practitioners experienced with concrete
overlays, there is a growing need for guidance documents related to concrete overlay processes to
ensure practical and cost-effective pavement rehabilitation strategies for Florida-specific conditions.
A comprehensive review of the concrete overlay is required to understand the effect of the different
design factors, identify potential benefits/drawbacks and, more importantly, determine the concrete
overlay strategies best suited for use in Florida.

The current project was initiated to provide needed guidance to successfully apply concrete overlays
as a rehabilitation and preservation method for pavements in Florida. Tasks envisioned to aid in
providing the needed guidance to FDOT include:

e Conducting a comprehensive review of relevant concrete overlay studies to understand the effect
of different design factors on long-term performance.
o Review National research and existing guidance documents
o Review FDOT-specific projects
o Identifying concrete overlay designs suitable for use on typical Florida roadways.
o Overlay of existing flexible or rigid pavement
o Identify when an overlay is an appropriate choice
o Develop design and decision-making guidelines
e Developing guidance documents:
o Construction guidelines
o Maintenance guidelines

These tasks are to be developed across 4 individual tasks; Task 1: Survey and Interview, Task 2:
Concrete Overlay Strategies, Task 3: Instruction and Guidelines, and Task 4: Webinar and Final
Documents. This report is prepared in support of Task 2: Concrete Overlay Strategies and is
developed to review the state of the practice for concrete overlays in Florida and to present an
overview of the current state of the practice for concrete overlays nationally. The overall project aims
to develop strategies for optimizing the selection and design of concrete overlays in Florida and
provide an assessment of unbonded concrete over concrete, bonded concrete over asphalt, unbonded
concrete over asphalt, and bonded concrete over concrete overlays for use by FDOT.

1.2. FDOT Pavement Network and Concrete Overlay Practice

The FDOT managed Florida pavement network is predominately composed of flexible surface
pavements with approximately 43,300 of 44,500 lane miles, or 97.4%, classified as flexible as of
2019 [1]. As this survey is based on the pavement surface only, composite pavements, i.e., asphalt
overlays of concrete pavements, is not reported separately, but classified as flexible surfaced
pavements. Maintenance, repair, and rehabilitation of the pavement network is completed in
accordance with FDOT published management documents including regular (annual) survey of
pavement condition completed by the State Materials Office [2]. The use of overlays as a form of
maintenance and rehabilitation is regularly practiced by FDOT with nearly all overlays composed of
hot mix asphalt (HMA), referred to herein as asphalt overlays. This use of asphalt overlays has been
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driven by several factors including contractor familiarity, equipment availability, and construction
cost-effectiveness. In the interest of maintaining a well- developed and competitive pavement
industry, FDOT continues to evaluate the use of concrete overlays for individual lanes and flex-lanes.
Interest also exists to use concrete overlays in areas that are more prone to rutting and shoving and
mitigate maintenance requirements compared to asphalt surfaces, such as intersections and weigh
stations [3].

In support of the expanded use of concrete overlays, FDOT has constructed several test sections in
1997 and 2012. The 1997 study consisted of six sections of ultrathin concrete over asphalt pavement
with varying panel dimensions and slab thickness, all between 2 and 4 inches, at the Ellaville weigh
station along I-10 in North Florida. Performance of these test sections was found to be inadequate
with early cracking and shattered slabs. A forensic investigation of the overlays indicated insufficient
design and misapplication of the overlay type as the likely cause of early distress although the shear
strength between the concrete overlay and asphalt base remained ‘considerably higher’ than typical
ultrathin whitetopping (UTW) projects. This determination is supported by the observed increases in
distresses at transition areas, which were thinner (design thickness of 3 inches as compared to 4
inches), indicating that thicker overlay sections had reduced observed distresses [4]. Supplemental
evaluation of simulation of the Ellaville test using a heavy vehicle simulator was also competed in
support of future design revisions and improvement [5]. After the forensic report these test sections
were removed out of service as part of pavement rehabilitation.

Contrasting the 1997 study, the 2012 study focused on a traditional throughway application with an
unbonded precast concrete pavement (PCP) overlay over an existing concrete pavement. The overlay
section is located on a four-lane divided highway segment of westbound US 92 west of Dayton
Beach, Florida, and was FDOT’s first use of PCP. The existing concrete pavement had a trapezoidal
cross-section with a 9-inch thickened edge tapering to a 7-inch center. Typical slabs in each lane were
20 feet long by 11 feet wide for a total pavement width of 22 feet, with an asphalt shoulder next to the
outer lane. The PCP overlay panels were 9 inches thick, 12 feet long, and 24 feet wide and weighed
about 16 tons each. A 2-foot-wide extension of the base along the outside edge was made to
accommodate the width of the new pavement. As of the most recent inspection report in 2021, the
overlay continues to perform well [6]. As this overlay was constructed on existing concrete pavement,
it represents a relatively small potential application compared to the overall FDOT pavement
network. Although suitable for special situations, the widespread application of PCP overlays may be
limited by the relative high cost of materials and installation compared to more traditional overlay
types presented in this report.

FDOT continues to evaluate and consider the use of concrete and concrete-type mixtures for primary
pavements, overlays, and flex-lanes across the state, requiring evaluation of both rigid and flexible
pavements for significant projects. This continued review is observed in pavement design reports
such as FPID 407402-4-52-01, SR 528 from East of SR 3 to Port Canaveral Interchange (George
King Blvd)., Brevard County Florida, prepared by TLP Engineering Consultants, Inc (2019).

2. OVERVIEW
2.1. Defining Concrete Overlays
Concrete overlays can be broadly described as a layer, or layers of concrete pavement placed on top
of an existing pavement system. The existing pavement system may exhibit a range of conditions and
performance but should be sound and stable; concrete pavements placed above a rubblized pavement
are not considered as overlays but instead as the primary pavement system, or a newly reconstructed
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concrete pavement. Concrete overlays may be constructed on concrete, asphalt, and composite
systems, and like traditional pavements, may be designed using several methods and supporting
software packages. Concrete overlays may be constructed using several different types of concrete,
reinforcement, admixtures, depth or thickness, and joint spacing among other design parameters. This
section details the history, terminology, and common design methods used for concrete pavements
today which may be suitable for use with the FDOT road network.

2.2. History, Prevalence, and Use of Concrete Overlays

The development of concrete overlays occurred over several decades with the earliest concrete on
concrete overlays constructed between 1900 and 1915 and the earliest concrete on HMA in 1918.
Widespread adoption of concrete overlays began in the 1960s and accelerated significantly in the
1990s through early 2000s, predominately in the Midwest census region or the western portion of
FHWA'’s Eastern Federal Lands Highway Division (ELFHD), although a significant number of
concrete overlays have also been construction in California, Texas, Colorado, Pennsylvania, and
Oklahoma as shown in Figure 1. Today, concrete overlays make up more than 12% of the average
annual volume of concrete pavement placed and over 15,000 lane-miles as of 2021. Uses and
locations have also expanded to include a wide range of conditions including high-load, high-volume,
low-volume, and industrial [7] [8].

Source: CP Tech Center
Figure 1. Number of concrete overlays construction from 1910 through 2022 per U.S. State [8].

Concrete overlays have historically been applied to both asphalt and concrete surfaces over the last
century, with the majority constructed on concrete (50%), followed by asphalt (44%), and composite
pavements (6%). Across all pavement types most overlays (78%) were constructed as unbonded [8].
This widespread application of concrete overlays is attributable to several factors including:
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e Cost effectiveness based on life-cycle cost analysis (LCCA) (i.e., low cost of ownership),
e longevity,

e increased structural capacity of existing roadways,

e short construction time, and

e the availability of improved design guidance.

More recently, concrete overlays have been considered based on potential environmental impacts
including reduced albedo and heat absorption, high recyclability, improved fuel efficiency due to
reduced rolling resistance, and resistance to flood degradation [7] [9].

2.3. Overlay Categorization

Current design standards categorize overlays based on the overlay material, the existing (underlying)
pavement, and the bond design. Overlay materials generally include portland cement concrete (PCC)
and HMA pavements and less frequently include heavily modified concrete pavements such as latex
and epoxy modified concrete, which are typical used only for bridge deck overlays. Existing
pavements are classified based on the surficial material; concrete or asphalt, and inclusion of
composite pavements in the labeling system is atypical. Bond design is considered either bonded or
unbonded based on the relative stress-strain response of the existing and overlay pavements and the
corresponding design methodology. For example, a concrete overlay installed on an asphalt pavement
following an unbonded design would be referenced to as a concrete on asphalt unbonded overlay or
COA-U, where the concrete overlay is not bonded to the existing asphalt pavement. Similarly, a
concrete on asphalt bonded overlay would be referenced as COA-B, where the concrete overlay is
bonded to the existing asphalt pavement. A representation of typical overlay naming conventions is
presented in Figure 2.

Several alternative naming conventions have been used historically to refer to specific overlay
concepts and design strategies. Several of these naming conventions have reduced specificity relative
to the categories, such as unbonded concrete overlay (UBCO), or bonded concrete overlay (BCO).
The term whitetopping is also used and broadly refers to concrete overlays installed on asphalt or
asphalt-topped composite pavements. Whitetopping does not implicitly denote the thickness of the
overlay or the bond design, instead the use of modifier terms including “ultrathin’, ‘thin’, or
‘conventional’ are used to clarify the thickness of overlay. Unlike UBCO and BCO, whitetopping
does not implicitly denote the bond design. However, in general ultrathin and thin whitetop overlays
tend to be bonded and conventional or thick overlays tend to be unbonded. As individual design
guides and projects may vary, careful review of documentation should be performed prior to use. Due
to the decreased specificity in both the UBCO/BCO and whitetopping terms they are not
recommended for widespread use by the authors of this report.
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Concrete on Asphalt Concrete on Concrete

Concrete on asphalt (COA) overlays can be designed to address a Concrete on concrete (COC) overlays can be designed for

broad range of existing pavement conditions on both composite and applications on both existing jointed plain concrete pavement

full-depth asphalt pavements. Both bonded (COA-B) and unbonded (JPCP) and continuously reinforced concrete pavement (CRCP).

(COA-U) options enable designs to cost-effectively match the The predominance of COC overlay designs are unbonded (COC-U)

condition of the existing asphalt—from deteriorated to good—as systems; however, bonded (COC-B) applications can be

well as geometric parameters. successful, provided the existing pavement is in good condition.
COA-B (Full Depth and Composite) | COA-U (Full Depth and Composite) COC-B (JPCP and CRCP) COC-U (JPCP and CRCP)

ﬁ \_1_% /

== _— =
_I::__Az,/’ ——:/" ﬁ

Source: CP Tech Center
Figure 2. Commonly referenced types of concrete overlays and their naming conventions (e.g.,
COA-B, COC-U) [8].

While current nomenclature provides reasonable detail to the pavement system layers, both current
and alternative nomenclatures exclude joint design (e.g., jointed plain concrete pavement [JPCP])
which are reported separately and significantly impact overlay performance. Both sets of
nomenclatures also do not indicate the presence of composite pavements, referring only to the
immediate underlying material. When not clearly stated, care should be given to determine
composite, joint design, and overlay thickness when reviewing design documents and performance
data from outside agencies and organizations to ensure correct understanding by the reviewer. This is
of particular importance as different joint types, joint spacings, and level of reinforcement, may each
be used for the same overlay type. That is, a COC-B overlay may be constructed following JPCP,
jointed reinforced concrete pavement (JRCP), or continuously reinforced concrete pavement (CRCP).

A summary description of each of the overlay types, joint designs, and considerations for each is
provided below.

Concrete on Concrete (COC)

Concrete on concrete (COC) overlays are composed of a concrete overlay constructed above an
existing concrete pavement or concrete topped composite pavement. COC overlays may be either
bonded (COC-B) or unbonded (COC-U) with the majority of overlays (75% to 78%) constructed as
unbonded [8] [10]. COC overlays are selected for several purposes, in particular to increase the
service life and load capacity of existing concrete pavements, improve ride quality or surface quality,
and as an alternative to reconstruction. Overlay thickness is selected based on the intended uses of the
overlay with bonded overlays generally thinner (ultrathin to thin) than unbonded.

Selection of bonded or unbonded design is determined primarily on the condition of the existing
pavement surface or on the expected condition at the time of overlay treatment if repair or
rehabilitation is planned prior to overlay placement. Thinner and bonded overlays generally require
improved surface conditions for the existing pavement to perform to design specifications and may
experience accelerated deterioration if installed on unstable or heavily distressed or faulted surfaces.
Due to the reduction in stress-strain interactions between the individual unbonded concrete layers,
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COC-U overlays may be successfully used on concrete pavements that are in moderate to poor
condition. When an overlay and existing pavement are bonded, they function as a single, thicker
layer, with the combined system experiencing lower flexural stresses and reduced deflections
compared to an unbonded overlay. In a bonded overlay, the neutral axis is shared, and the combined
stiffness improves performance. In contrast, an unbonded overlay behaves as two separate layers,
each with its own neutral axis, resulting in higher flexural stresses depending on the relative stiffness
of both layers. The bond condition—bonded or unbonded—must be carefully chosen during design to
prevent premature distress. Inadequate bonding in a bonded design can lead to high tensile stresses
and cracking, while unexpected bonding in an unbonded design can improve performance but may
cause cracks in the existing pavement to reflect through.

Joint design including spacing and location is determined based on the type of overlay applied, the
selection of bonded or unbonded design, and the thickness of the overlay. Because bonded overlays
are designed for composite action between the overlay and existing pavement, bonded overlays must
match the joint spacing and locations of the existing pavement surface, reducing the potential for non-
uniform performance and mid-panel cracking. The rule of thumb for joint spacing of unbonded
overlay is like that of JPCP. Typically, joint spacing (in feet) should be less than two times slab
thickness (in inches). Unbonded overlays thicker than 7 inches are typically designed to have the
same joint spacing as that of the existing pavement (if less than 20 feet). However, unbonded overlays
may also be designed with a shorter panel length or shorter panel width, with shorter panel length (10
to 15 feet) more common, especially in the case of thin slabs (7 inches or less). Matching the
transverse joints is not necessary for unbonded overlays except for the existing pavement’s expansion
or isolation joints, which should be recreated for the concrete overlay. The longitudinal joints of the
overlay may be matched with the longitudinal joints of the existing concrete, except in cases where
the overlay is wider than the existing pavement.

Historically COC-B overlays have been predominately constructed of JPCP or CRCP, defined later in
this document. COC-U overlays are also predominately constructed of JPCP and CRCP, although
short-jointed plain concrete pavement (SJPCP) along with roller compacted concrete (RCC) have
been reported to have increased usage over the past several years. Both COC-B and COC-U overlays
may also be constructed of JRCP. However, use of JRCP has generally fallen out of favor with DOTs.

Concrete on Asphalt (COA)

Concrete on asphalt (COA) overlays are composed of a concrete overlay constructed above an
existing HMA pavement or asphalt topped composite pavement. Like COC overlays, the majority
(75%) of COA overlays are constructed as unbonded (COA-U) with the remaining design as bonded
(COA-B) [8] [10]. COA overlays are selected for several purposes including to increase the service
life and load capacity of existing asphalt pavements, improve ride quality or surface quality of
roadways, and as an alternative to reconstruction. Relative to COC, COA overlays may experience a
significant increase in load capacity and/or service life when performed on a purely HMA pavement
system due to ability of the concrete overlay to more evenly distribute loads to the underlying
pavement system.

Like COC, selection of bonded or unbonded design is determined primarily on the condition of the
existing pavement surface or on the expected condition at the time of overlay treatment if repair or
rehabilitation is planned prior to overlay placement. Thinner and bonded overlays generally require
improved surface conditions for the existing pavement to perform to design specifications and may
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experience accelerated deterioration if installed on unstable or heavily distressed surfaces. Unsuitable
bonded surfaces include asphalt-topped composite pavements which have a final asphalt thickness of
less than 3-inches [11]. Regardless of whether the asphalt will be milled or not, the minimum
thickness of sound asphalt prior to concrete overlay is recommended to be at least 3 to 4 inches to
provide a stable working platform capable of withstanding anticipated construction traffic, especially
trucks loaded with concrete. Due to the reduction in stress-strain interactions between unbonded
pavements, COA-U overlays may be successfully used on pavements with moderate to poor
conditions if the surface is prepared to a uniform condition (level, clean, and free of atypical defects),
prior to overlay placement [12]. Milling of the existing asphalt is not necessary for COA-U or COA-
B. However, if the existing pavement has surface distortions (such as rutting) greater than 2 inches,
milling is recommended to eliminate high spots and ensure overlay thickness uniformity and a
minimum overlay thickness. Milling is also recommended for the removal of damaged asphalt
material that is not suitable as a support layer. For COA-B, milling asphalt surfaces to improve
bonding between the overlay and the existing pavement is not necessary unless the existing surface
does not have sufficient surface texture.

Joint design, including spacing and location, is determined based the type of overlay applied and the
selection of bonded or unbonded design. For composite pavements with an asphalt surface, both
bonded and unbonded COA overlays may use a shorter panel length and or reduced panel width to
reduce panel stresses from panel curl relative to the underlying concrete pavement. When shorter or
reduced panel widths are used, joints are recommended to be matched to the underlying concrete
pavement to reduce the potential for mid-panel cracking. Longitudinal joints should be carefully
selected to eliminate joint placement within wheel paths.

Historically COA-B overlays have been predominately constructed of JPCP or CRCP. COA-U
overlays are also predominately constructed of JPCP and CRCP. Like COC, there is increasing
interest in RCC pavements, and several agencies have constructed RCC test sections [13]. Both COA-
B and COA-U overlays may be constructed of JRCP, however like with COC, JRCP use has fallen
out of favor.

2.4. Bond Design

Determination of whether a concrete overlay is considered and designed as bonded or unbonded is
based on the relative responses of the existing pavement system and overlay to stress-strain responses,
climate (e.g., thermal expansion properties), inundation, and other external factors. Bonded overlays
are those which are anticipated to exhibit a similar response as a JPCP on asphalt-treated base (as in
the case of COA-B or JPCP on existing treated or granular base (as in the case of COC-B),
functionally acting as a single pavement system. By contrast, unbonded overlays may be viewed as
the construction of a new pavement on top of an existing pavement, treating the existing pavement as
a high-strength base. For COA-B or COC-B pavement systems where the bonding condition cannot
be assured, design of the overlay as unbonded reduces the risk of poor overlay performance.

As pavement system response is dependent on pavement condition, the determination of bonded or
unbonded is often simplified to considering the condition of the existing pavement with pavement in
good condition, or repairable to good condition, considered suitable for bonded overlays as shown in
Figure 3. Pavements which are in poor to moderate condition, or repairable to poor to moderate
condition, are considered more practical for unbonded overlays. This simplification is generally
sufficient for most designs but may be insufficient for some high load or high-traffic conditions.
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DOTs may and often do, elect to perform the majority of overlays as unbonded to simplify design and
reduce the risk of poor overlay performance. However, when possible appropriate selection of bonded
or unbonded design may help improve project costs, performance, and pavement system longevity.

Fair Minor Unbonded
rehabilitation Concrete

1 Unbonded
on Asphalt
Major or

rehabilitation Composite

Poor

¥
Deteriorated T v

Reconstruction

Existing pavement condition
before treatment

Failed

Time
Source: CP Tech Center
Figure 3. Application placement for bonded and bonded concrete overlays relative to existing
pavement condition [14].

Construction of a specific bond design is completed through the use of bond enhancers or bond
breakers applied to the surface of existing pavements prior to overlay construction. This section
focuses on bond breaking materials due to the national and regional trend towards unbonded overlays
and the current composition of pavements in the FDOT managed network. As FDOT’s network is
primarily asphalt surfaces with an average non-deficient life of approximately 14 years for open-
graded friction courses and 18 years for dense graded friction course, with a relative average
resurfacing age of 16 years as of 2019, it is expected that unbonded concrete overlays will be most
suitable for most managed roadways [15].

Separation Layers (Bond Breakers)

Separation layers, alternatively referred to as bond breakers, are a physical material placed between
the existing pavement and the concrete overlay. Separation layers are crucial for proper functioning of
COC-U, and it is not recommended to construct COC-U without separation layers. Separation layers
reduce the material interaction and transfer of responses (movements, stresses, deflections) between
the existing concrete and the concrete overlay, provide a drainage path (if constructed as a permeable
layer), and provides a construction platform resulting in improved uniformity and ride quality of the
new concrete overlay.

Note that while the separation layer “breaks” the bond between the overlay and the existing concrete
pavement, there will still be some amount of friction or partial bond between the layers. In pavement
design procedures such as AASHTOWare® Pavement ME Design (PMED), the benefit of this partial
bond is not considered. The separation layer is not modeled as a layer that contributes to the
pavement structural performance.
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Geotextile Separation Layer

Nonwoven geotextile is a common form of separation layer between existing and overlay
pavements. These were originally developed for concrete pavements in Germany, prior to
construction of test sections in the U.S. Early test sections included Route D in Kansas City,
Missouri in 2008 followed by 1-40 in Oklahoma [16] . From 2008 through 2017 at least 10 state
DOTs implemented or tested the use of nonwoven geotextile separators with concrete overlays
including Georgia and Texas. Since 2017 the use of geotextile separators has experience growth
due to several benefits including a reduction in material costs, speed of installation, improved
interlayer drainage, improved structural capacity, and improvement in overall project efficiencies
[17]18].

Despite the significant benefits, geotextile separations layers may not be suitable for all overlay
projects with Texas DOT (TxDOT) reporting reduced performance when used with new full-
depth CRCP sections. TxDOT’s study reports that a reduced interlayer friction from the geotextile
resulted in ‘undesirable’ crack spacing. Due to the TxDOT experience, use of geotextile
separations layers is not recommended for CRCP overlays of existing CRCP, but use is applicable
for JPCP overlays including JPCP overlays of existing CRCP, based on DOT reported
performance [17]. It should be noted that the reduced interlayer friction is also one of the
intended uses of geotextile as a separation layer and supports its overall use. However, the lower
friction is not desirable for CRCP overlays, which rely on friction to develop the closely-spaced
tight cracks necessary for proper functioning.

Hot Mix Asphalt

HMA was the most common separation layer material for COC overlays prior to the introduction
of geotextile separation layers. When placed as a bond breaker, HMA is generally limited to 1 to
2-inches in thickness, sufficient to generate a differential in pavement response between the
existing pavement and overlay. Existing asphalt topped composite pavements may use the
surficial asphalt layer as a bond breaker if the layer is sufficiently thin or milled to maintain the
maximum recommended thickness, typically less than 2 inches, and is functionally of good
quality (i.e., minimal distresses, no stripping, adequate binder content, well-graded mix, etc.).

Standard asphalt pavement construction procedures are suitable for placing asphalt separation
layers, with in-place air voids being a key factor for dense-graded mixtures. Low-density areas
with high air voids can cause settlement of the concrete overlay due to secondary consolidation,
volume change, and a higher risk of stripping.

At the typical thickness levels, HMA does not provide meaningful improvements to the pavement
structure. As a result, HMA debonding layers should not be considered as providing a higher
quality pavement surface when performing overlay design (i.e., a poor existing pavement with a
HMA debonding layer should follow design recommendations for a poor pavement). The
thickness of HMA used for debonding also does not directly reduce the propagation of cracks
from the existing pavement to the overlay but may improve overlay performance through
improved stress transfer from the overlay to the existing pavement.

Natural Aggregates

Natural aggregates were used as a separation layer prior to the use of HMA. Like HMA, natural
aggregates were able to be placed as a level working surface for overlay placement and were
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believed to provide a drainage path for water between the pavement layers. The most frequently
used aggregates for separation layers included clean-washed sands such as mortar sand and choke
stone. While successful as a separation layer, natural aggregates were susceptible to displacement
and readily washed out when inundated. As a result, the use of natural aggregates is no longer
commonly practiced for transportation networks and is not recommended for Florida conditions.
Also, natural aggregate separator layers are typically much thicker (~ 6 inches) than HMA
separator layers, thus contributing to potential grade/elevation limitations, particularly under
existing bridges.

Bonding Agents

For bonded overlays, bonding agents may be, but are not always, used to improve the connection
between existing pavement and the new concrete overlay. These agents generally act as a mild
adhesive or prime the existing pavement surface improving moisture conditions and reducing free
surficial particles that inhibit bonding. These agents may include epoxy-, latex-, or mortar-based
sprays, which prime the surface. More frequently bond surfaces are physically abraded (ground),
water blasted, and or power swept to generate surface conditions suitable for high strength bonds.
Bonding agents are also more frequently used with high-performance thin and ultrathin concrete
overlay designs.

2.5. Typical Thickness (Depth)

Depth of overlay, typically referred to as overlay thickness, varies based on the overlay intent.
Overlays intended to correct surface defects with limited structural improvements, typically bonded
overlays, are frequently thinner (i.e. ultrathin or thin) and overlays used for high-load, high-volume,
industrial conditions, or to improve structural capacity are thicker, generally conventional or thick.
These high-load, high-volume, and industrial conditions may include locations such as highways,
secondary routes, collectors, and production facilities, transport centers, and other special applications
[19]. Overlay thickness is also determined based on the desired service life with thicker overlays
generally providing increased service life. The impact to service life should be carefully considered
using LCCA and considering relative performances of different overlay thicknesses and respective
service lives [20].

Like overlay categorization, overlay thickness has several common terms which may be used
differently depending on the publication source. For this report, categorization will follow those terms
as represented in the most recent National Concrete Pavement Technology Center (CP Tech Center)
publications. These categories and corresponding overlay thicknesses are:

e  Ultrathin (2-4 inches),

e Thin (4-6 inches),

e Conventional (6-12 inches), and
e Thick (>12 inches).

Each overlay thickness presents potential challenges with an increase in distresses generally
associated with thinner overlay sections and bonded overlays. The most common challenge for
ultrathin and thin overlays is curling and warping of panels during curing. The increased risk of
curling and warping is due to a decrease in surface to volume (and weight) ratio for a thin concrete
slab. As thinner concrete overlays are more prevalent for bonded overlays the impacts of curling and
warping may be more significant than the same behavior for the thicker unbonded overlays,
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potentially resulting in poor bond behavior and premature distress of the overlay panel. Several
preventative actions may be taken to reduce the risk of curling and warping and are detailed later in
this report.

2.6. Joint Design

As in the case of overlay thickness design, joints and the level of reinforcement (dowel bars and tie
bars) are also designed to match overlay design intention with more heavily reinforced joint designs
typically providing improved performance. However, more recent overlay advances, such as RCC
overlays, have generated increased interest in low to no-reinforcement overlays, which maintain high
levels of performance with decreased maintenance. Despite recent alternative designs, the majority of
overlays placed today remain either JPCP or CRCP as reported by the 2005 American Concrete
Pavement Association (ACPA) Survey of State Agencies.
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Source: ACPA

Note: Based on survey results and does not include states such as Colorado, Texas, California,
Oregon, etc., that have significant concrete overlays but did not respond to the survey.

Figure 4. Percent of new concrete pavements by agency across the U.S. and Canada; survey
results limited to JPCP, JRCP, and CRCP [21].
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Jointed Plain Concrete Pavement

JPCP is a concrete pavement system which incorporates plain (non-reinforced) concrete with
transverse and longitudinal joint reinforcement, typically smooth dowel bars at transverse joints and
deformed tie bars at longitudinal joints. No intra-panel reinforcement is used although macrofiber
additives may be incorporated. JPCP utilizes regularly-spaced longitudinal and transverse control
joints to limit panel cracking with control joint spacing ranging from 10 to 20 feet, although closer
spacing may be used for special designs. JPCP is generally well suited for low-volume roadways
without dowel bars and moderate- to high-volume roadways when dowel bars are used at the
transverse joints. The decision whether to use dowel bars or not, should be based on meeting the
faulting performance criteria over the design life of the overlay.

JPCP composes the vast majority of concrete overlays constructed on FDOT administered roadways
and is also the most common concrete overlay in the U.S. JPCP is commonly applied to deteriorated
or cracked JPCP roadways and composite pavements to improve performance [22] [23].

Jointed Reinforced Concrete Pavement

JRCP is a PCC pavement system which incorporates reinforcing bars or mesh (reinforced) concrete
with transverse and longitudinal joint reinforcement, typically smooth dowel bars at transverse joints
and deformed tie bars at longitudinal joints. The presence of reinforcing steel allows an increased
length between transverse joints, generally up to 50 feet, but as high as 100 feet. Midpanel cracking
may be present due to panel length with the cracks controlled by reinforcing steel mesh. Like JPCP,
JRCP may incorporate macrofiber or other structural additives.

JRCP can be used in many situations but is most cost-effective in moderate- to high-volume roads and
moderate- to high-load applications. The use of JRCP has decreased in use across the U.S. compared
to JPCP and CRCP due to JRCP generally exhibiting poorer overall performance per unit cost and
lack of contractor experience constructing JRCP.

Continuously Reinforced Concrete Pavement

CRCP is a PCC pavement system which incorporates continuous longitudinal reinforcement and
exclude deliberately constructed and regularly spaced transverse contraction joints. An example of
this reinforcement is displayed in Figure 5. Instead of deliberate transverse contraction joints,
transverse cracks are allowed to form as a result of the hydration and curing process resulting in
regular, closely-spaced cracks, which are held tight by the high amount of reinforcing steel (typically
0.65 to 0.85 percent of the cross-sectional area), thus exhibiting high load transfer between panels due
to aggregate interlock of the cracks. CRCP also exhibit improved flexural response and stresses (i.e.,
reduced bending) due to external load factors including traffic, temperature, and moisture [24]. CRCP
is most cost-effective for high-volume and high-load roadways because the steel (both material and
placement) adds significantly to the cost of the pavement, which may be slightly offset by reduced
PCC thickness.

Over the past two decades, CRCP has had a noted decrease in use across the U.S. States that construct
considerable amount of CRCP include Texas, California, Oregon, and Illinois, primarily due to higher
initial costs and fewer contractors with the needed experience. Successful application of CRCP
overlays has been reported in Texas and internationally in South Korea, Belgium, and Austria [25].
CRCP has also found interest as a replacement to high performance asphalt overlays due to
improvements in durability and ride quality when evaluated using LCCA [9].
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Source: ACPA; Eric Ferrebee.
Figure 5. Example placement of CRCP reinforcing steel for a road segment constructed in
Schaumburg, Illinois.

Roller-Compacted Concrete Pavement

RCC is a pavement system that is constructed in a manner dissimilar to other concrete pavements.
RCC is placed with asphalt-type pavers and a no-slump / high strength concrete mix and relies on
vibratory and static compaction using roller compactors, screeds, and secondary finishing equipment
to achieve performance and finish requirements, as shown in Figure 6. RCC excludes reinforcements
except when transitioning to other pavement types. Transverse joint cuts while not historically used,
are becoming more common. When transverse joints are used, panel dimensions and thickness are
like those of JPCP. Because of the construction process, dowels cannot be placed in RCC using
baskets or dowel bar inserters, as with JPCP. The only way to potentially incorporate dowels at
transverse joints is by cutting slots in the hardened RCC for dowel bars as is done with dowel bar
retrofits. As such, RCC pavements are not constructed with dowel bars at the transverse joints. RCC
exhibits well developed load transfer characteristics due to the aggregate interlock across transverse
joints and between panels but may be more sensitive to early warping as compared to other concrete
pavements. RCC is well suited to high-load roadways with low- to high-volumes including frontage
roads, industrial areas, shoulders, intersections, and parking lots. While structural suitable for all
traffic speeds, diamond grinding may be required to meet desired smoothness for high-speed traffic
applications.

RCC pavements typically range in thickness from 6 inches to 12 inches, depending on the specific

application, traffic loads, and design requirements. In some cases, the thickness can go beyond 12
inches for heavy-duty industrial applications or areas with high traffic volumes.
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RCC has grown in use as a primary and overlay pavement system in recent years with increased use
driven by private industry. Through the 2010s, RCC use was primarily in industrial applications
(40%), followed by intermodal facilities (30%), roadways (16%), ports (11%), and general
commercial (2%) [26]. Significant adoption of RCC has also been pursued by the US Army Corps of
Engineers (USACE) for a wide range of uses including as a pavement surface for intermodal areas,
aprons, work pads, and emergency repairs due to the ability to rapidly construct a high strength
durable concrete surface [27].

R i .

Source: Cervantes et al., 2017
Figure 6. Placing (left) and finishing (right) of COA-U RCC for a scale house Victorville,
California [13].

Jointed Precast Concrete Pavement

Jointed precast concrete pavement (JPrCP) alternatively referred to as precast concrete pavement
(PCP) is a pavement system which is constructed from a series of preformed concrete panels. JPrCP
is a distinct form of concrete pavement that features grouted dowel and tie bars to connect adjacent
panels constructing a continuous pavement surface. Panels may include internal top and bottom
longitudinal and transverse reinforcement, either plain or pretensioned to improve performance. As
panels are precast, joint spacing, reinforcement, and panel dimensions are established at the time of
production with limited field modification possible. Panels may be installed as either a bonded or
unbonded overlay and like other concrete overlays rely on a continuous, high quality contact surface
with the underlying pavement system for longevity and suitable performance. Leveling may be
completed through a mortar bed or compacted granular fill, which also serve as the bonding or bond
breaking agent. When bonded the mortar bed may be partially placed prior to lowering the panel with
the remaining mortar injection into ports and joints around the precast panels allowing for micro-
adjustments during the construction process to maintain continuous contact [28] [29].

JPrCP is well suited to roadway systems where a pavement system must be highly durable and quick
to install, such as tolling stations and intermodal stations as material costs are generally higher than
those of other concrete overlays with material costs, offset by decreased lane closure fees. Based on
performance, use and growth of JPrCP has steadily increased across the US with 13 DOTs accepting
the material as an acceptable pavement system and 14 additional agencies evaluating or
demonstrating the panel system, including FDOT [30]. As the JPrCP design and construction process
differs significantly from other concrete overlays, and is essentially a niche application due to their
higher costs and slow production, limited discussion of these systems are included within this report.
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PRODUCTION USERS DEMO STATES

Source: Shiraz Tayabji, Advanced Concrete Pavement Consultancy LLC
Figure 7. JPrCP production and demonstration DOTSs across the U.S. as of June 2019.

2.7. Concrete Mixes

The majority of concrete overlays are constructed of PCC, alternatively referred to as Ordinary
Portland Concrete (OPC), including nearly all JPCP and CRCP overlays. PCC is cost effective,
durable, and capable of being installed and finished using widely acknowledged practices and
equipment. PCC also has the longest history of use and can be used with several structural and
chemical additives to manage performance and curing. However, several alternative concrete mixes
may be suitable for construction of concrete overlays including low slump/dense concrete, typical of
RCC pavement, high-performance fiber reinforced cementitious composite (HPFRCC), and
engineered cementitious composites (ECC) [31].

Low Slump/ Dense Concrete

Low slump or dense concrete, alternatively referred to as ‘no-slump’ concrete is used exclusively with
RCC pavements. RCC is a dry, non-flowing concrete mix similar in consistency to moist clay with a
water-cement ratio from 0.35 to 0.45 and a total water weight of 5 to 6% [32] [33]. Low slump
concrete is also atypical for pavement concrete as it designed without entrained air, has a relatively
low cement content, smaller top aggregate sizes, and an increase in fines content. RCC, like PCC,
may also use macrofiber and other non-reinforcement additives to improve performance.

The mix design of low slump concrete results in placement sensitivity to moisture content requiring

careful management during placement and spreading. Low slump concrete are also uniquely sensitive
to gradation as a large portion of the cured strength is developed through particle interaction, resulting
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in compressive strengths exceeding those of PCC and ranging from 5,000 to 9,000 psi and elevated
flexural strength [34] [35].

Fiber Reinforced Concrete

Fiber reinforced concrete (FRC), and common subclasses including high-performance Fiber
reinforced cementitious composite (HPFRCC) and engineered cementitious composite (ECC) are
cement based pavements designed to exhibit improved flexibility, durability, and crack resistance
relative to non-modified PCC (i.e., OPC). The composition of FRCs is like PCC containing fine and
coarse aggregates, water, and cementitious parts but modified with chemical and structural additives
including super plasticizers and macrofibers.

As FRC is a relatively direct modification of PCC, its use has gained traction, while HPFRCC and
ECC are limited to case and sample studies [36]. Care in selection and design should be used as the
determination of what concrete mixes are defined as FRC, HPFRCC, and ECC is not well defined and
rely in part on a determination by the designer and based on the intended performance. In general
pavements which are more flexible or more heavily modified (increase super plasticizer or higher
percent of macrofibers) are generally classified as HPFRCC or ECC. Extensive examination
regarding the application and performance of fiber modified concretes including HPFRCC and ECC
have been completed, although the majority of studies focus on bridge deck applications with a
limited number of real-world road applications [31] [37] [38]. As a result, consideration of HPFRCC
and ECC overlays may be suitable in the coming years as the technology advances while FRC may be
utilized immediately.

2.8. Structural Additives and Reinforcement

Structural reinforcements are materials or additives which may be added to concrete overlays to
change the mechanical properties and behavior of the pavement structure. Structural reinforcements
are generally intended to improve the carrying capacity, flexural strength, slab integrity, or pavement
deflection properties relative to plain concrete pavements. Selection and efficacy of reinforcements is
dependent on the quality, quantity, and installation requirements as well as appropriate
characterization of additive impacts on design parameters. Reinforcements may be used individually
or in combination to achieve the desired design criteria. Reinforcements are commonly limited by
minimum thickness of overlays required to maintain sufficient cover and the cost-effectiveness
relative to an increase in overlay thickness. Common structural reinforcements in use today and
nearing use include macrofibers, reinforcement bars, and geosynthetics. Each additive and their
common application(s) are described in this section.

©2024 Applied Research Associates, Inc. (ARA)

4 ARA




BED49 TWO 977-13: Concrete Pavement Overlay State-of-the Practice for Florida Conditions

Macrofiber
Macrofiber are composed of synthetic fibers, typically polypropylene, or metallic (steel) material
produced as fibers or strips to approximately two inches in length. Strips may be textures, smooth,
hooked, or othenise modified curing manufacturing [
prove bonding characteristics with the concrete
matrix. Macrofibers are one of several additives used 0
in construction of FRC. Macrofiber additives are
incorporated into the concrete mix during batching or
immediately prior to placement when mixing is
permitted to ensure even fiber distribution. Improved
performance characteristics of FRC including
increased structural capacity, load transfer efficiency,
flexural fatigue, crack resistance, joint restraint, and
slab fragment retention. FRC may also exhibit
decreased plastic shrinkage, reflection cracking, and
overall crack-width relative to non-reinforced
concrete pavements [39]. Further detailed impacts and
improvements being investigated in several studies
including an Iowa DOT study, Field Performance of
Fiber-Reinforced Concrete Overlays, scheduled for
completion in 2025.

12 1 1/2 2

Macrofiber additives are most frequently used in
ultrathin (2 to 4 inches) and thin overlays (4 to 6
inches) at a 0.2 to 0.5 percent application rate to
control overlay cracking and fragmentation [39].
Macrofibers be used alone, in combination with other

m
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macrofibers (Figure 8), or with other structural Source: EUPave; Jeff Roesler, University of
additives to further improve overlay performance. [llinois
Macrofiber additives alone are not a sufficient Figure 8. Example of a macrofiber

replacement for dowel bars and do not meaningfully ~ products [25].
improve the flexural strength of concrete pavements
but may increase performance and service life by delaying or arresting the progression of cracks.

Reinforcement Bars

Fiber-Reinforced Polymer

Fiber-reinforced polymer (FRP) and glass fiber-reinforced polymer (GFRP) reinforcements may be
used for reinforcement within (i.e., longitudinal and transverse reinforcement) and between panels as
an alternative to metallic reinforcement. The use of FRP and GFRP are not direct replacements of
metallic reinforcement and design may require either an increase in bar diameter or a decrease in
inter-bar spacing to provide comparable performance under all conditions. However, FRP and GFRP
do provide an increased resistance to corrosion relative to both non-treated and epoxy treated metallic
reinforcements, making FRP a useful reinforcement alternative in corrosive environments, such as
near Florida coasts, and low-maintenance pavements.
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™

The use of FRP dowel bars and reinforcing
steel in concrete pavements has been well
documented by state DOTs and by the FHWA
in FHWA-HRT-05-081, Design of
Continuously Reinforced Concrete
Pavements Using Glass Fiber Reinforced A8
Polymer Rebar [40]. GFRP has also seen b i ST
inclusion into AASHTO LRFD Bridge
Design Guide Specifications (2018) and
American Concrete Institute design guide
ACI 440.1R-15, Guide for the Design and
Construction of Structural Concrete
Reinforced with Fiber-Reinforced Polymer
Bars. ACI guide documents may also be used ~Source: ACI

—=w——

for references to materials appears (see Figure 9. Examples of common FRP reinforcements
Figure 9). [70].
Metallic (Steel) Bars

Metallic reinforcements are the most common form of reinforcement used for concrete pavements
and overlays. Like FRPs, metallic reinforcements are used within (i.e., longitudinal and transverse
reinforcement) and between panels to improve performance, durability, and to serve as a load transfer
mechanism between adjacent panels. Compared to FRPs, metallic reinforcements are smaller in
diameter and set the standard for reinforcement performance. Metallic reinforcements are prone to
corrosion as a result of debonding, insufficient cover, chloride penetration, and general pavement
degradation. To reduce risks of corrosion, metallic bars may be treated, typically with epoxy coatings.
In highly corrosive environments the use of corrosion resistance metals (such as stainless steel) may
be used as an alternative to, or in coordination with coat treatments.

Geosynthetics

Geosynthetic structural additives including uniaxial- and biaxial-geogrid systems and other
continuous reinforcement have been examined for use in concrete panels in laboratory studies.
Preliminary evaluations of reinforced concrete slabs found geogrid reinforcement improved pre- and
post-crack ductility, increased impact capacity (the ability to resist damage or deformation when
subjected to sudden, high-energy impacts), decreased crack width, and increased failure loads (first
crack) relative to plain concrete. An increase in the number of cracks at failure was reported relative
to plain concrete supporting improved distribution of stresses within the concrete slab. Geosynthetics
may be installed as the primary form of concrete reinforcement or in addition to reinforcement bars or
macrofibers with the use of traditional (steel) reinforcement concurrent with geosynthetics reported as
providing improved reinforcement cost ratios [41] [42] [43]. However, this is an emerging
technology, and currently there is no documented use of geosynthetics as concrete overlay
reinforcement on full-scale field projects.

Geocell and other relatively deep geosynthetics were not found to provide benefit due to debonding
along the interface of prepared samples.
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2.9. Service Life
Concrete overlays have historically exhibited a wide range of service lives from 5 to 30+ years, with
performance heavily dependent on proper selection of overlay type, the preparation of the existing
pavement surface, and the presence of a suitable base material [44]. Over the past several decades,
more consistent minimum performances have been reported. Studies performed in the mid-1990s
report service lives of approximately 20 years; early 2000s, service lives of 15 to 25 and 20 to 30
years for bonded and unbonded overlays on concrete and 5 to 15 years and 20 to 30 years for bonded
and unbonded overlays on asphalt and composite pavements, respectively. Early 2000s studies also
indicated infrequent service lives in excess of 35 years [10] [44]. Recent studies have refined life
estimates and report typical design lives of 20 years and up to 50 years based observed performance
of existing overlay sections [8].

Consistency in the most recent estimates of service lives for COC and COA overlays are reflected in
FHWA and CP Tech Center Design documents presented in Figure 10, Figure 11, and Figure 12,
respectively [45] [46]. Figure 10 and Figure 11 also reflect the significant service life advantage
concrete overlays provide compared to resurfacing (diamond grinding), asphalt overlays, and asphalt-
based reconstruction. Both reference sources also present the service life of unbonded concrete
overlays as exceeding bonded concrete overlays, consistent with historical trends, and comparable to
the service life of new concrete pavements. This behavior is consistent with unbonded design
philosophies which treat underlying pavements as a cemented or rigid, high-quality base material.

YEARS OF SERVICE OL = Overlay
Rehabilitation Type 5 10 15 20 25 30 35 40

Years of Years of Years of Years of Years of Years of Years of Years of
Service Service Service Service Service Service Service Service
[ ] |

Reconstruction w/PCC

Reconstruction w/AC

Structural Asphalt Overlay
COA-U
COA-B
Non-structural Asphalt OL

Asphalt Patching w/o OL

T II

Source: Adapted fre le Cast Analysis: A Tool for Better Pavement Investment and Engineering Decisions” Table 2-8;

Engineering Bulleti

As presented source: FHWA; Original Source: ACPA
Figure 10. Typical service life for rehabilitation of existing asphalt roads [45].

This general trend of improved performance is likely reflective of overall improvements in design and
construction and in project selection but may also be partly attributable to survivorship bias with
agencies unable to provide historical performance data due to available records or the loss of
personnel who previously managed overlaid pavements (i.e., institutional knowledge). Long-term
unification of design methods and standards are likely to improve consistency of service life over the
coming decades with greater variation in performance attributable to design approach and
optimization of performance relative to cost.
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Service
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Service
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Service
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OL = Overlay
DG = Diamond Grinding

35 40

Years of Years of

Service Service

Reconstruction w/AC

Structural Asphalt Overlay

coc-u

coc-B

Preservation w/DG

Preservation w/o OL or DG

Source: Adapted from ACPA, *Life-Cycle Cost Analysis: A Tool for Better Pavement lnvestment and Engineering Decisions™ Table 2-8;

Engineering Bulletin EBO11,

As presented source: FHWA; Original Source: ACPA
Figure 11. Typical service life for rehabilitation of existing concrete roads [45].
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Source: National Concrete Pavement Technology Center
Figure 12. Typical expected service life of concrete overlays based for several design

parameters; service lives are highlighted for clarity.
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2.10. System Resiliency

Both rigid and flexible pavements will be strongly affected by changes in long-term climate patterns.
Florida in particular is projected to be impacted by increases in sea level rise, storm surge, general
flooding, including sunny-day flooding, increased soil moisture, and the number of extreme heat days
[47] [48]. Climate driven events impacts will affect civil and transportation infrastructure such as
pavement design strategies for rigid pavement overlays. Several studies have been performed to better
evaluate relative risk and potential mitigation strategies at the federal level including by the U.S.
Department of Transportation, U.S. Army Corps of Engineers, and U.S. Government Accountability
Office [49] [50] [51]. Changes to the roadway network including the pavement design process
potential actions to improve design resiliency include:

e Changing roadway profiles to limit weir-flow damage in coastal pavements.

e The addition of vegetation or compacted soil embankments or alternative soft-hardening
approaches to prevent inundation and flow damage.

o Increased use of stabilized base materials and / or designing pavements using reduced
structural capacity caused by changes in groundwater and surface inundation [52].

e For higher extreme temperatures, decreasing joint spacing for new designs and overlays;
increasing joint maintenance and cleaning activities [53].

e Development of risk-based asset management plans and improved life-cycle planning [51].

FDOT is actively evaluating the potential impacts of changes in climate patterns across Florida with
recommendations provided in reports such as Improved Resiliency of Rigid Pavement Systems (2023)
[54]. These and other recommendations should be considered at the state and local agency level to
provide appropriate mitigatory and remedial changes. The use of concrete overlays may be an
appropriate method to improve the structural capacity of pavements impacted by climate change which
are not otherwise significantly degraded or in disrepair [46]. The use of concrete overlays as a
mitigation approach, especially for inundation events, is completed in part through a reduction in peak
pressures due to the stress distributing effect of a concrete overlay relative to a purely HMA system.
Concrete pavements including composite pavements with concrete overlays also demonstrate a
relatively limited loss in strength even when fully submerged relative to a purely HMA system as
reported by Louisiana DOT studies following the events of Hurricane Katrina [55].

Improved resiliency and constructability may also be accomplished through relatively minor changes
to common construction practices. One such example includes the use of light colored geosynthetic
separation fabric instead of traditional black fabric. Light-colored fabrics were found to prevent heat
buildup in the underlying pavement during construction, reducing the risk of curl and warp, and during
the service life of the pavement with the reduced long-term heat in underlying pavements is expected
to increased pavement longevity [17].

FHWA has prepared several design guidance documents focusing on evaluating vulnerabilities and
boosting pavement resiliency including easy to use decisions trees targeted towards selected cost-
effective climate adaptation practices. One of these decision trees has been provided for reference as
Figure 13 [53]. Additional start point information is available in FHWA’s Vulnerability Assessment
and Adaption Framework, FHWA-HEP-18-020).
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Figure 13. FHWA decision tree on the Adaption Decision-Making Assessment Process (ADAP),
used for risk-based decisions for network managers and engineers [53].
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3. DESIGN METHODS
FDOT currently uses PMED for new rigid pavements and the AASHTO 93 Design Guide methods for
new flexible pavements. The use of PMED or similar mechanistic-empirical (ME) design package is
recommended by AASHTO, FHWA, and general industry as best practice for concrete overlays as
reflected in Figure 12 (above). Adoption of current rigid design procedures for concrete overlays are
expected to face limited barriers to entry for PCC-based overlays based on existing FDOT experience.
A brief history of AASHTO 93, PMED, and conditions where PMED may have suitable alternatives
are detailed below along with additional details on the use of PMED for concrete overlay design.

3.1. AASHTO 93 Design Guide

AASHTO 93, the colloquial name for the 1993 AASHTO Guide for the Design of Pavement
Structures, is a design methodology based on empirical data predominately collected during the late
1950s from test sections in Illinois. Design of pavements completed under AASHTO 93 are based on
the effective structural capacity of pavements using one of three methods, Visual Survey and Materials
Testing (Condition Survey), Nondestructive Deflection Testing (NDT), or Fatigue Damage from
Traffic (Remaining Life).

Over the past two decades a significant shift in pavement design from AASHTO 93 to mechanistic-
empirical (ME) design methods has occurred across private industry and public agencies. This change
has largely been driven by the improved effectiveness of pavement design using ME methods within
PMED, the most common and the only AASHTO-sanctioned ME design software, for rigid
pavements. These improvements and efficiencies include the ability to incorporate new pavement
materials and soil conditions, environmental and aging effects, performance prediction models, and
more accurate traffic and loading models. More recently, ME methods have accelerated in adoption
due to the ability to readily perform region-specific calibrations for PMED, improving accuracy and
performance of ME based design [56].

Despite the increase in ME methods acceptance and use, AASHTO 93 remains a reasonable design
approached for RCC overlays and JPrCP overlays, as ME methods do not reasonably reflect the
distresses likely to occur for RCC and JPrCP pavements due to the limited amount of historical data
for calibration.

3.2. Mechanistic-Empirical Pavement Design Guide (MEPDG)

Mechanistic-empirical (ME) design, most commonly associated with the Mechanistic-Empirical
Pavement Design Guide (MEPDG) is a design process combining empirical distress data and
mechanical principals of stresses, strains, and deflections to more accurately calculate pavement
responses to traffic loads. MEPDG is a relatively recent design approach with the manual first
developed under a National Cooperation Highway Research Program (NCHRP) grant and released in
2004.

MEPDG and the software developed out of it, such as PMED, model pavement distresses such as
faulting, midslab transverse cracking, and International Roughness Index (IRI) for a full range of
design parameters including dowel and tie bar reinforcement, base thicknesses and types, and a wide
range of overlay panel sizes [57]. These models are based on historical performance data collection
through the Long-Term Pavement Performance (LTPP) Program. The inclusion of this globally-
calibrated pavement performance data provides a starting point for design of concrete pavements

©2024 Applied Research Associates, Inc. (ARA)

4 ARA




BED49 TWO 977-13: Concrete Pavement Overlay State-of-the Practice for Florida Conditions

including concrete overlays but may not be highly reflective of real-world pavement performance due
to differences in local conditions, construction practices, materials, and other factors. To improve
prediction accuracy, the majority of state DOTs using PMED have elected to perform state-specific
calibrations for their new concrete pavements. This local calibration, or calibration for a similar
climate and construction practices, plays a significant role in providing accurate designs which are
more effective than those completed using empirical design methods.

3.3. BCOA-ME

The use of BCOA-ME is a suitable design method as a check or replacement to PMED for bonded
concrete overlays [46]. Developed at the University of Pittsburgh under FHWA TPF-5(165) and
released in 2014, BCOA-ME focuses explicitly on bonded overlays and incorporates regional location,
estimated lane use (ESALs), allowed crack performance, existing pavement details, and planned
overlay details. BCOA-ME is unique versus PMED in that the software directly accounts of
macrofiber additives which are more common in COA-B applications.

As BCOA-ME is available through a web portal, like PMED, and features a reduced number of design
parameters versus PMED, it serves as a useful design tool during preliminary evaluation of overlay
options and may be used for more detailed design when combined with the developed design guide.

3.4. OptiPave 2.0

OptiPave, like the current PMED design method used by FDOT, relies on ME design procedures.
OptiPave was developed by TCPavements in Santiago, Chile, and is the result of years of studies and
tests, based on PMED fatigue damage equations and finite element analyses. Optipave differentiates
itself from PMED by focusing on reduced panel sizes (i.e. closer joint spacing), often sufficiently
small to limit loading to a single wheel. Optipave then calculates a reduced slab thickness based on the
calculated changes to the overlay panels stress and strain conditions. As a result, OptiPave is most
suitable for the design of bonded and unbonded thin and ultrathin overlays but may also be used for
conventional thickness overlays. OptiPave is also suitable for use with JPrCP due to its panel size and
relatively high level of dowel bar and tie bar inclusions [36].

3.5. RCC-PAVE

RCC-PAVE is a design software package based on empirical principles and the Portland Cement
Association (PCA) Structural Design of Roller-Compacted Concrete for Industrial Pavements, which
in turn is based on Westergaard’s elastic analysis for the mechanical response of a rigid pavement on
subgrade. The USACE RCC design procedure previously indicated in this report are also included as
an alternative design approach. As denoted by the name RCC-PAVE is intended to analyze both new
and existing RCC pavements focusing on heavy-duty load applications. As a result, the use of RCC-
PAVE is not recommended for applications outside of heavy-duty load applications. Note that with the
proper inputs and performance criteria, PMED JPCP models can also be used to design conventional
RCC overlays. RCC pavement essentially mirrors a conventional JPCP in terms of joint spacing and
design thickness. However, the global calibration efforts for the performance models in PMED did not
include RCC pavements. The differences in construction techniques, material properties, and joint
properties of RCC as compared to JPCP may warrant a separate calibration for RCC pavements.

4. OVERLAY SELECTION AND CONSTRUCTION
Overlay selection and construction processes for FDOT are expected to be consistent with other DOT
experiences across the region and reflected in current national standards. FDOT also benefits from
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existing agency experience with PMED and the use of asphalt overlays which have several similarities
in construction preparation with concrete overlays. This chapter will provide a typical selection
process used for the selection and design of concrete overlays, which is applicable to FDOT, as well as
preliminary information on the overlay construction process and surface preparation.

4.1. Selection

Determination of the best suited overlay type is largely based on the condition of the existing
pavement system. This determination is made from several factors including cracking, surface
roughness, and deflection performance. This data may come from several sources including current
FDOT condition scoring data but is most useful when paired with a pavement specific exploration.
Both non-destructive testing (NDT) and destructive testing methods (e.g. coring) may be used for this
exploration to supplement and complement FDOT knowledge of the pavement section.

The suggested methods for evaluation of existing pavements reflect the practices currently used by
FDOT and include:

e Condition assessment based on the CP Tech Center report Guide for Concrete Pavement
Distress Assessments and Solutions: Identification, Causes, Prevention, and Repair for
Concrete Pavements and FHWA Distress Identification Manual for the Long-Term Pavement
Performance Program.

o Field exploration of the proposed overlay areas using a combination of destruction and non-
destructive testing. Exploration methods suggested include:

o Pavement cores, to determine pavement system composition and stripping (for
asphalt layers) or durability issues in the existing pavement;

o Falling weight deflectometer, for pavement response (layer elastic moduli for design
input) and condition (identify areas of weakness, such as excessive deflections, which
may require repair or additional treatment before overlaying);

o Ground Penetrating Radar (GPR) for pavement system thickness and delamination
identification;

o Petrographic analysis if any concrete materials-related distress (MRD) is identified or
suspected; and

o Visual inspection of asphalt cores for stripping potential [46].

Coring data may also be used where asphalt topped composite pavements are present to determine
suitability of the surface HMA as a debonding layer. This determination can improve project cost-
effectiveness as COA-U overlays by reuse of the HMA layer as if it is of the appropriate thickness or
able to be milled to an appropriate thickness; reducing the change in grade associated with overlay
construction.

The data collection through existing resources and the targeted exploration is used to determine a
suitable overall condition score for the existing pavement systems to direct design towards bonded or
unbonded methods. This determination and influences of distresses are reflected in Figure 14, below,
along with common corrective actions to improve existing conditions prior to overlay construction.
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Good Condition
The pavement is structurally sound.

Surface characteristics issues such
as low friction or high noise may be
present. Minor repairs may be
needed in isolated locations to
correct functional deficiencies.

Spot Repairs

Can spot repairs correct deficiencies
or restore the surface to good or
better structural condition, allowing
for a bonded concrete overlay?

Yes

< No

Fair Condition

The pavement may exhibit some
distresses such as moderate levels
of fatigue cracking.

)

Milling/Minor Spot Repairs

Can milling and minor spot repairs
cost-effectively solve deficiencies?

Concrete Overlay-Bonded

Poor Condition

Concrete pavement may exhibit
some distresses such as joint
deterioration, working cracks, spot
structural failures, faulting, and
materials-related distress.

Asphalt pavement may exhibit some
distresses such as alligator cracking,
running, shoving, and slippage

Deteriorated Condition

The pavement exhibits significant
surface deterioration and structural
distresses.

If concrete pavement exhibits
severe or potentially severe joint
deterioration from freeze-thaw
damage or materials-related distress
and exhibits deterioration below the
dowel bars, the pavement may not
be a good candidate for an overlay.

Asphalt pavement exhibits
significant deterioration from
raveling, thermal cracking, stripping,
and structural distresses.

Source: Fick, et al. 2021
Figure 14. Decision tree for the design of concrete overlays as presented by Fick, et al. 2021,
Quality Control for Concrete Paving: A Tool for Agency and Industry [46].

Milling and Patching

Can spot structural repairs and/or
milling cost-effectively solve
deficiencies, meet vertical
constraints, and restore the existing
pavement to a condition that will
provide a uniform base for an
unbonded overlay?

Additional Repairs

Can existing and/or potential
unstable conditions or major
deficiencies be addressed
cost-effectively using preservation
techniques? For composite
pavements, does the asphalt need to
be completely milled to remove
major deficiencies such as stripping
and a new interlayer placed over the
underlying concrete to create an
unbonded overlay on concrete?

Yes

Concrete Overlay-Unbonded

Reconstruction

For FDOT’s experience level with concrete pavements the use of unbonded pavements as compared to
bonded pavements may be preferred to reduce the barriers to entry for design and is also practical
based on the overall network age and condition. Selection of the joint design should be based on the
existing pavement surface, if concrete, and FDOT experience if HMA. As discussed in the overview
section, the use of JPCP, which composes the majority of FDOT concrete pavements is also a widely
used overlay pavement type and is expected to be suitable for most projects. The use of other overlay
types, specifically RCC, may also be suitable for FDOT roadways due to the similarities in
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construction to HMA, its high load and deflection tolerance, and its ability to be constructed and
opened for use quickly, reducing lane closure time.

4.2. Design

Design of concrete overlays should be performed based on the design guide of the selected method.
Based on FDOT experience and previous calibration of PMED, its use is recommended for concrete
overlays for almost all joint designs. Understanding that unbonded overlays are most likely to be used
in the near future for FDOT concrete pavements, PMED will be very similar to that of a normal
concrete pavement with a competent, high strength base resulting in a relatively straight forward
design process.

The use of OptiPave 2.0 is also recommended if SJPCP overlays are desired and RCC-PAVE for RCC
overlays as a check against PMED results and recommendations is also suggested.

4.3. Construction

Construction of COC and COA overlays are not expected to be substantially different from those
presented in the current FHWA Guide to Concrete Overlays. Emphasis during construction on surface
preparation and cleanliness is paramount to improve long-term performance for both bonded and
unbonded pavements. Like HMA overlays, surface preparations frequently focus on surface cleaning,
diamond grinding, and milling to generate a competent, clean, and level construction surface. Water-
blasting and shot-blasting of the existing pavement surface may also be used to improve condition and
remove contaminants.

Both existing PCC and HMA pavements maintenance, repair, and rehabilitation processes used to
bring existing pavements to the minimum required condition state are anticipated to follow those
practices currently used by FDOT. These processes when preparing for concrete overlays include
performing joint cuts, sealing, and structural repairs to reduce the potential for moisture and sediment
migration between pavement layers. The use of crack repair, including stitching and dowel bar retrofit
for existing concrete pavements may also be required depending on the severity of pavement cracking
and the joint design of the overlay pavement.

Construction of the actual overlay is expected to be similar to that of current FDOT practice for
concrete pavements with preparation and inspection keys to success. A qualifications-based selection
process with prequalification based on previous experience with the type(s) of overlays being
constructed reduces the risk of poor performance. Preliminary section selection is recommended to
focus on relatively low volume and low load roadways to reduce the impact of extended lane closures.
Quality Control (QC) and Independent Assurance (IA) are also suggested as methods to reduce the
risk of poor construction processes.
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5. RECOMMENDATIONS FOR FDOT PRACTICE

Based on current industry, state, and federal design documents, DOT interviews conducted in Task 1, and
the experience of the authors, the following items are recommendations for FDOT practice of concrete
overlays. These recommendations include general topics such as bond and joint design, design methods,
project selection, and a preliminary design catalog. Additional details on construction and maintenance
will be further developed in Task 3: Instructions and Guidelines.

5.1. General Recommendations
Bond Design
An unbonded (COA-U, COC-U) design approach is recommended until FDOT and local
contractors gain additional experience with concrete overlays. The use of unbonded designs
increases pavement system resiliency and reduces the impact of existing pavement systems on
overlay performance. In terms of performance, unbonded designs are generally less risky than
bonded designs, both in terms of project selection, i.e., proper evaluation of the condition of the
existing roadway, and the quality of constructed bond between pavement layers. Thus, they
provide more consistent performance for organizations and contractors with limited experience in
concrete overlay design. General observations of COA-U and COA-B have shown the use of
unbonded designs have resulted in an increased minimum and maximum service life while
providing rutting resistance, a key feature desired by FDOT. In practice, this means treating the
underlying pavement system, either concrete or asphalt, as a high-quality base with the overlay
designed as an independent pavement layer.

Separation Layers

The separation layer, installed between the existing pavement system and overlay pavement is
recommended to be composed of either a new ultrathin (2 inch) layer of asphalt concrete or a
nonwoven geotextile. Performance of both materials are comparable based on interviewed
agencies, reviewed sources, and the authors’ experiences. If geotextiles are used, we recommend
that FDOT consider the use of a light colored geosynthetic instead of traditional black fabric to
prevent heat buildup in the underlying pavement during construction, thus reducing the risk of
high curling and warping during construction and providing increased pavement longevity.

Note that separation layers are only needed for COC-U. COA-U overlays are usually designed
without a separation layer because there is typically no need to separate the concrete overlay from
the asphalt to avoid distresses reflecting through to the overlay. Also, with COA-U, an unbonded
interface is a conservative design assumption and not a necessary construction requirement.

Joint Design

JPCP design is recommended for use in primary travel lanes, shoulders, ramps, and intersections.
The construction of JPCP is well documented with FDOT and regional contractors having
experience in its use. Reviewed sources and interviewed agencies have indicated that JPCP
performs well in the climate and traffic conditions of Florida, while providing reasonable life-
cycle costs. JPCP designs are also widely applied across the region and U.S., providing a wide
working knowledge base to use in developing Florida-specific designs.

The use of RCC is recommended for use in shoulders, intersections, low-speed ramps, and other

low-speed pavement applications. RCC has been successfully used by interviewed agencies for
these applications providing a durable well-wearing surface. Excessive surface roughness and
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increased faulting and pumping (due to lack of dowel bars) may be present at higher speeds,
requiring additional efforts (such as diamond grinding and increased maintenance) to improve
and maintain ride quality, precluding a recommendation for use in high traffic, high volume,
primary travel lanes. Application of RCC for high and moderate speed travel lanes should be
considered only after contractors have demonstrated the ability to provide uniformity in
construction quality to reduce risk to FDOT and sufficient ride quality for roadway users.

Overlay Thickness

The use of thin (4-6 inches) and conventional (6-12 inches) overlay thicknesses are recommended
as the typical thickness range (4-12 inches) for the FDOT network. These overlays have been
sufficiently demonstrated as providing good performance and are constructable using typical
concrete pavement equipment available in the region. Final overlay design thickness should be
developed using the recommended design methods, detailed below, and the comfort of the
contractor and FDOT pavement engineers. Ultrathin concrete overlays are not recommended for
use until further overlay experience is obtained by FDOT and local contractors due to the
potential for relatively poor performance and increased sensitivity to construction practices.

Structural Additives

Structural additives recommended to include the use of metallic (steel) smooth dowel and
deformed tie bars between JPCP slabs. Undoweled joints are commonly used for COC-U
overlays less than 7 inches thick, as thinner overlays typically don't experience enough truck
traffic to justify dowels. The use of dowel and tie bars for both thin and conventional overlays
improved load transfer between slabs and may further improve performance in areas with high
seasonal variability in subgrade conditions such as seasonal or extreme event inundation. FDOT
is encouraged to consider the use of FRP smooth dowel and deformed tie bars in locations which
are identified as moderately to highly corrosive or are at risk of inundation. FRP bars have been
shown to provide performance similar to that of metallic dowel and tie bars when appropriately
sized, while providing additional resiliency to corrosive elements.

The use of macrofibers for thin overlays is recommended for consideration and application in a
pilot project at FDOTs discretion. Macrofibers are anticipated to provide the largest benefit to
concrete overlays using metallic reinforcement and anticipated to experience increased early
cracking. Macrofibers may also be suitable to provide improved resiliency to RCC pavements but
are not required.

Concrete Mix Design

JPCP concrete overlays may be constructed using the region or district typical concrete pavement
mix designs. RCC pavements are recommended to refer to RCC-specific design manuals
provided by the Portland Cement Association (PCA), RCC Pavement Council, U.S. Army Corps
of Engineers, and the CP Tech Center.

Service Life

Designs for pavement service life may be reasonably matched to FDOT typical pavement design
life. COA-U pavement is expected to meet a minimum 20-year design life with a significant
portion of pavements exhibiting longer life than originally designed. The estimated service life of
constructed overlays is recommended to be evaluated based on the recommended design
methods.
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5.2. Design Methods

Three design methods are recommended for use by FDOT for concrete overlays. These design
methods include AASHTOWARE® Pavement ME Design (PMED), Optipave 2.0, and RCC-PAVE.
Both PMED and Optipave are ME design approaches familiar to FDOT personnel. RCC-PAVE may be
familiar to local RCC contractors although alternative software may also be used.

Pavement ME Design

The use of PMED is the recommended design procedure for JPCP overlays. As PMED does not
consider the location and load impacts of the pavement system (e.g., there is no difference
between designing at an intersection or ramp), design should be completed following normal
FDOT PMED design procedures. FDOT’s familiarity with using PMED for new JPCP design is
expected to reduce the barrier to the use of PMED for overlay design.

FDOT has two options for designing concrete overlays using PMED. Since FDOT has not
performed local calibration of concrete overlays in Florida and cannot do so because there are
insufficient concrete overlay pavement sections in Florida, the first option is to use global
calibration coefficients for concrete overlays. Designers should compare results of overlay
designs using global calibration coefficients with the results for conventional concrete pavements
to compare the impacts of the existing pavement system conditions and evaluate sensitivity of
differing design values. The second and recommended option is to design unbonded overlays as
an independent pavement system on a strong stabilized base (concrete base for COC-U and
asphalt base for COA-U) using FDOT calibration coefficients and PMED design procedure for
new JPCP.

Once sufficient long-term network data has been collected for concrete overlays, local calibration
of PMED software is recommended. A minimum of 30 sections representing a wide range of
climate, traffic, and support conditions are recommended to perform the local calibration.

Optipave 2.0

Optipave 2.0 is a recommended alternative design approach for overlays which are planned to
have both a thin overlay thickness (4-6 inches) and small panel size (i.e., less than or equal to four
feet by four feet). Optipave may result in more accurate estimates of panel deformations and
distress for these smaller panels. However, real-world impacts on pavement thickness and design
may be limited as compared to a high quality locally-calibrated PMED design.

RCC-PAVE

The use of RCC-PAVE is recommended only for cases where RCC overlays are planned. As
RCC-PAVE is based on empirical principles local calibration is not required. This software
specifically targets heavy load applications and may not be suitable for use for all pavement
locations.

5.3. Decision Making
Decision making in concrete overlay projects is recommended to be performed based on several

factors including:

e current pavement condition,
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o cause(s) of existing distress,

e repair requirement to perform an overlay,

e service life benefits of an overlay,

e life cycle cost analysis of repairs and overlay versus rehabilitation or reconstruction,

e available funding and schedule, and

o sufficient knowledge to perform and review planned design and construction activities.

Evaluation of these and other factors require knowledge on the existing pavement system
including layer thicknesses and condition. This information may be generally obtained through
filed explorations or reconnaissance, if not part of FDOT’s current pavement management system.

As shown in Figure 3 and Figure 14, the condition of the existing pavement system directly
impacts the level of required repair for unbonded concrete overlays. Pavements with significant
surface deterioration or structural distress may require extensive repairs and rehabilitation prior to
being suitable for overlay placement. Pavements with fewer distresses and conditions of poor or
better may require limited repairs, primarily spot repairs, patching, or milling to be suitable for
overlay construction. In general, areas with substantial weakness as identified using the falling
weight deflectometer, and areas with significant surface deterioration resulting in significant non-
uniform support, should be repaired to get the best performance from unbonded concrete
overlays.

The cause of pavement distress should also be considered when determining if a concrete overlay
is suitable. Concrete overlays rely on the existing pavement system and underlying subgrade soils
to provide stable, uniform support to the overlay panels. Pavements which have exhibited early
distress gain or show rapid distress gain are likely not suitable for concrete overlay application
without improvement to site soils, major rehabilitation, or reconstruction. If the pavement system
is stable and may be repaired to at least poor condition with a clean surface, concrete overlays are
likely suitable.

It is recommended to perform preliminary design feasibility studies evaluating the technical and
personnel capabilities of consultants and contractors who may work on potential overlay projects
prior to project selection to determine the level of confidence in the project and potential project
risks as part of a risk mitigation practice. Early involvement of consultants and contractors
including discussions specific to the proposed use of concrete overlays is recommended to better
evaluate the potential risks of the project including poor performance and cost overruns. For
technically feasible projects, LCCA evaluation of pavement repairs, overlaying, and maintenance
should be considered relative to the cost of rehabilitation. Non-fungible benefits such as
stakeholder confidence, knowledge gain, and consultant and contractor retention are also
recommended for consideration in project planning, particularly in the near term (5 to 10 years).

5.4. Pilot Projects
Based on FDOT and outside agency interviews conducted and reported under Task 1, several
potential pilot project locations are recommended for consideration by FDOT. These locations
include high volume roadways, such as interstates or U.S. routes; signalized or signed
intersections prone to rutting; high-load roadways, such as those near manufacturing or
processing facilities; high-traffic low-speed locations such as rest areas; and ramps. Each of these
locations has successfully applied concrete overlays with success. Locations were generally
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selected based on the need for a long service life pavement, high level of distress or rutting,
persistence of required maintenance, or as part of a pilot program for already distressed
pavement.

Pavement segments should generally be reviewed and evaluated using the decision-making
process provided in this report with emphasis on non-fungible benefits including knowledge gain
for FDOT, consultants, and contractors. Involvement in pilot programs, even when limited to site
observations or project reports provide a useful tool to increase the willingness to participate on
future overlay projects. Involvement with outside parties also permits contractors the opportunity
to evaluate the potential costs and benefits of participation in future overlay projects.

Development of a detailed project monitoring plan with increasing inspection intervals are
recommended for pilot projects. Monitoring of pilot projects is recommended to include daily
observations during construction, monthly observations within the first year following
construction, quarterly observations the following three to five years, and annually thereafter for
overlays performing like conventional pavements. Increased monitoring is recommended for
those pavements which exhibit early distress or rapid distress gain. All inspections are
recommended to follow FDOT standard inspection procedures or automated distress surveys
supplemented with additional documentation including on-site videos, photographs, and sketches
of distress propagation to better evaluate the impacts of the concrete overlays.

5.5. Design Catalog

The following tables provide a framework for the design catalog for unbonded concrete overlays of
asphalt and concrete. The design tables for this catalog will be completed as part of Task 3. These
tables can be used as a first order approximation for concrete overlay thickness and for
planning/budgeting purposes. We recommend using the design methods described earlier for a more
thorough design specific to the project needs.

e Pavement Type: COA-U, COC-U
e Pavement Condition: Poor, Good
e Traffic, million ESALs: 5, 10, 25, 50, 100

e Region: 58460 A, Tallahassee 59005 B, 59546 C, Jacksonville 59549 D, Gainesville 60088 E,
Orlando/Tampa 61169 F, Miami 63870 G

e Existing concrete thickness: 8 and 12 inches

o Existing asphalt thickness: 6 and 12 inches

o Reliability: 80 percent, 90 percent

e JPCP compressive strength: 4,000 psi

e JPCP coefficient of thermal expansion (CTE): 4.5 x 10 in/in/deg F
e JPCP joint spacing: 15 feet

e Joint sealant type: Other (silicone)
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e  Widened slab: 13 ft

e Erodibility index: Extremely erosion resistant (5) for COC-U and erosion resistant (4) for
COA-U

e PCC-base contact friction: Full friction, no loss at 240 months
e Permanent curl/warp: -10 deg F
e Base: 4” Asphalt Base Course (Optional Base Group 1, ABC only)

e Non-stabilized base: 12” Type B stabilization LBR 40, Resilient modulus of 16,000 psi, A-2-
4 soil

e Subgrade: A-2-4, Resilient modulus of 12,000 psi

e Florida Calibration Factors (from FDOT Rigid Pavement Design Manual dated January
2022):

o PCC Cracking C4: 1.38E-07
o PCC Cracking C5: -3.633

o PCC Faulting C1: 4.0472

o PCC Faulting C6: 0.0790

o PCCIRI-JPCP C3: 2.2555
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1. INTRODUCTION
FDOT has limited experience in the past two decades with the use of concrete overlays. During this
period several national research projects and publications have been completed that provide a
framework for selection, design, construction, and maintenance practices for concrete overlays of
both concrete and asphalt pavements. Due to the decrease in local practitioners experienced with
concrete overlays, there is a growing need for guidance documents related to concrete overlay
processes to ensure practical and cost-effective pavement rehabilitation strategies for Florida-specific
conditions. A comprehensive review of the concrete overlay is required to understand the effect of the
different design factors, identify potential benefits/drawbacks and, importantly, determine the
concrete overlay strategies best suited for use in Florida.

The current project was initiated to provide needed guidance to successfully apply concrete overlays
as a rehabilitation and preservation method for pavements in Florida. Tasks envisioned to aid in
providing the needed guidance to FDOT include:

¢ Conducting a comprehensive review of relevant concrete overlay studies to understand the effect
of different design factors on long-term performance.
o Review National research and existing guidance documents
o Review FDOT-specific projects
o Identifying concrete overlay designs suitable for use on typical Florida roadways.
o Overlay of existing flexible or rigid pavement
o Identify when an overlay is an appropriate choice
o Develop design and decision-making guidelines
e Developing guidance documents:
o Construction guidelines
o Maintenance guidelines

These tasks are to be developed across 4 individual tasks; Task 1: Survey and Interview, Task 2:
Concrete Overlay Strategies, Task 3: Instruction and Guidelines, and Task 4: Webinar and Final
Documents. This report is prepared in support of Task 3: Instruction and Guidelines and is developed
to provide guidance for concrete overlay construction and maintenance.

2. USE OF THIS DOCUMENT
The instructions and guidelines provided in this report are recommended for use with the FDOT Rigid
Pavement Design Manual (RPDM), Topic 625-010-006, revised January 2019 and FDOT Materials
Manual - Concrete Production, Topic 675-000-000, revised July 1, 2025 (for July 2025 and forward
letting). This report is best used as a supplement to the RPDM report including Section 12.0, Jointed
Plain Concrete Pavement (JPCP) Overlays of Asphalt Pavement. Sections of this report have been
formatted after the RPDM with additional sections added as necessary.

Instructions and guidelines are intended for use by FDOT for the design, construction, and
maintenance of concrete pavement overlays to include unbonded concrete over asphalt (COA-U) and
unbonded concrete over concrete (COC-U) designs. At this time, we are not recommending bonded
concrete over asphalt (COA-B) or bonded concrete over concrete (COC-B), due to increased risk of
poor performance if a good-quality bond is not achieved consistently. Recommendations are based on
our understanding of FDOT and contractor experience with concrete overlays in the state. As FDOT
and FDOT contractors expand the use of concrete overlays, revisions are recommended to reflect the
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successes, challenges, and lessons learned, and considering COA-B and COC-B projects in
appropriate situations. These recommendations are also based on the current technologies, research,
and design calibrations available to FDOT and contractors / designers. Guidelines should be revised
as necessary to reflect recommended changes in practices based on FDOT experience and industry
standards of practice.

3. PAVEMENT EVALUATION GUIDELINES
3.1. General
Pavement evaluation guidelines are intended to provide practical guidance for project-level pavement
assessment and evaluation to determine the viability of concrete overlays. These guidelines are
primarily focused on existing asphalt-surfaced pavements, which compose the majority of FDOT’s
managed network and for planning concrete overlay for a design life of 20 years. Some information is
also included on existing concrete-surfaced pavements. Concrete overlays for significantly shorter
design lives are not recommended for Florida due to increased costs relative to other
repair/rehabilitation strategies unless the overlay is intended to address persistent local maintenance
issues. Examples of such local maintenance issues, where overlays could be designed and constructed
for shorter design lives include pavements which have exhibited persistent and reoccurring rutting
even after milling and asphalt overlays—conditions commonly reported for high load intersections
and industrial areas.

3.2. Evaluation Approaches and Condition Categories

A systematic approach is recommended to select the option to design and construct concrete overlays.
Considerations should incorporate both pavement condition and agency factors such as local
contractor and agency experience, overlay costs as compared to alternatives, impacts to service life,
maintenance requirements of concrete overlays as compared to alternatives, and impacts to future
options (e.g., how a selected repair will impact the ability to use alternative strategies in the future).

When following this approach determination of adequate, marginal, and inadequate conditions are
recommended to follow the Mechanistic-Empirical Pavement Design Guide (MEPDG) Manual of
Practice (2020) considering the highway classification, load-related distress, and current distress
levels. An example of these classifications is shown in Table 1 and Table 2.

©2024 Applied Research Associates, Inc. (ARA)
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Table 1. Distress Types and Levels Recommended for Assessing Current Flexible Pavement
Structural Adequacy (AASHTO 2020)//].

Distress Type Highway Current Distress Level Regarded As:
Classification Inadequate | Marginal | Adequate
(Poor) (Fair) (Good)
Fatigue Cracking, % of total lane | Interstate, Freeway >20 5-20 <5
area (new and reflected fatigue Primary >45 10-45 <10
cracks) Secondary >45 10-45 <10
Longitudinal Cracking in Wheel Interstate, Freeway >1,060 265-1,060 <265
Path, ft/mi* Primary >2,650 | 530-2,650 | <530
Secondary >2,650 530-2,650 <530
Transverse Cracking Length, ft/ | Interstate, Freeway >800 500-800 <500
mi (new and reflected transverse Primary >1.000 800-1,000 <800
cracks) Secondary >1,000 | 800-1,000| <800
Rutting, mean depth, maximum Interstate, Freeway >0.45 0.25-0.45 <0.25
between both wheel paths, in. Primary >0.6 0.35-0.60 <0.35
Secondary >0.8 0.40-0.80 <0.4
Shoving, % of wheel path area Interstate, Freeway >10 1-10 None
Primary >20 10-20 <10
Secondary >50 20-45 <20

* For reflection cracking, the longitudinal cracks are converted to an area cracking by multiplying the

length of cracks by one foot.

Note: The above distresses can be used to determine the condition of the existing flexible pavement,
some of which are not predicted by the AASHTOWare® Pavement ME Design (PMED) software.

Table 2. Distress Types and Levels Recommended for Assessing Current Flexible Pavement

Structural Adequacy (AASHTO 2020)//].
; Highway Current Distress Level Regarded As:
Load-Related Distress Classification Inadequate | Marginal | Adequate
(Poor) (Fair) (Good)
JPCP Deteriorated Cracked Slabs Interstate, Freeway >10 5-10 <5
(medium and high severity Primary >15 815 <8
transverse cracks, longitudinal
cracks, and corner breaks), % slabs | Secondary >20 10-20 <10
JPCP Mean Transverse Joint/Crack | Interstate, Freeway >0.15 0.1-0.15 <0.1
Faulting, in. Primary 5020 | 0.12-020 | <0.125
Secondary >0.30 0.15-0.30 <0.15

Note: The above distresses can be used to determine the condition of the existing flexible pavement,
some of which are not predicted by PMED.
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Concrete overlays as a repair and rehabilitation strategy are recommended to focus primarily on those
distresses and distress levels which would benefit from an improved structural capacity or a full life
cycle extension (i.e., 20 years). Within this framework COC-U and COA-U are a well-suited strategy
for marginal (fair) and inadequate (poor) condition pavements as depicted in Figure 1. This allows
concrete overlays to act as an alternative to more intensive rehabilitation or full reconstruction. The
use of this strategy is well suited to current FDOT practice and utilizes both analysis and engineering
judgment to determine a well-suited overlay strategy and design for a given pavement condition. This
strategy also makes use of regularly collected FDOT survey data, increasing the value of these
operations to stakeholders. COC-U and COA-U may also be well suited for pavements which are in
adequate condition but are projected to be structurally insufficient prior to signs of distress. Such as
for areas of rapid population growth, expanding industrial growth, or locations experiencing
significant environmental design factors such as groundwater elevation.

Note that the recommendation to primarily use concrete overlays for pavements in marginal and
inadequate condition should not be misunderstood to indicate the use of concrete overlays are not
beneficial to adequate pavements which do not require increased structure. As concrete overlays may
frequently remain in a serviceable condition longer than their design service life, as reported in
Deliverable 1, the use of these overlays may also extend the life of existing pavement systems in a
adequate (good) condition. However, as with overlays intended for structural improvements, the
relative cost to benefit ratio for overlay applications relative to other repair and rehabilitation
approaches may not be fully realized.
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Adequate — Pavements with
Sufficient Remaining Life

Marginal — Pavements with
Insufficient Remaining Life

Inadequate — Pavements
with No Remaining Life

Long-Life Design-Life Short-Term Long-Life Design-Life Short-Term
Strategy Strategy Fix Strategy Strategy Strategy Fix Strategy
Functional Functional Preventive Increase Structural Maintenance
improvements, improvements, maintenance structural overlay with activities for
preservation preventive for safety and capacity pre-overlay safety.
treatments. maintenance, preservation. e  Existing treatments.
surface pavement
Added strength, restoration or recycling. Recycling
if needed; non-structural e  Structural options.
surface overlays. overlay
restoration, thin with pre- Reconstruction
overlays. overlay
treatments
Reconstruction.
. | '
Long-Life Design-Life Short-Term
Strategy Strategy Fix Strategy
Added strength; Structural Preventive
structural overlay with maintenance for
overlay with pre-overlay safety.
pre-overlay treatments.
treatments.
Modify/recycle
surface.

Figure 1. Pavement Condition Category Groups for Selecting an Appropriate Strategy.

3.3. Strategy Selection and Design Process

The general process recommended for use in the determination of pavement condition, strategy
selection, and overall design consists of 12 steps. These steps consider data already regularly
collected by FDOT as part of transportation asset management (TAM) and information commonly
collected as part of design explorations / investigations. Steps include:

1. Data collection to determine existing pavement condition: Gathering all information necessary
to conduct an evaluation of the pavement's present condition, including surface condition, types
of deterioration, and structural adequacy for existing and future traffic levels. This includes a site
investigation and laboratory tests for estimating the in-place layer properties.
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2. Define/estimate the extent of the defects and inadequacies of existing pavement structure:
Determine whether the major defects, distress, and/or material inadequacies identified under step
1 are confined to specific areas of the project or have occurred more uniformly along the project.

3. Data evaluation and interpretation to determine cause of defects: Assess the current condition
of the pavement, determine the mechanism and/or cause of distress, identify critical deficiencies
that control the rehabilitation selection process, and designate analysis sections for the overlay
design.

4. Identify possible project constraints from using different strategies. Determine site conditions
or features that have a detrimental impact on the use of a specific strategy. For example,
expansive or flood susceptible soils, loss of load transfer across joints in JPCP, HMA stripping,
debonding between layers, groundwater, layer thickness, clearance restrictions under overpasses,
etc. Specific for concrete overlays, consideration should be given to capabilities and knowledge
of anticipated contractors and designers. Where needed consideration of additional outside design
and review assistance should be considered.

5. Formulation of strategies: Select candidate rehabilitation/overlay techniques which are best
suited to fix the problem or repair the existing distress to achieve the desired improvements in the
structural capacity, functional adequacy, and drainage adequacy of the pavement. Combining
individual activities or materials into one or more rehabilitation/overlay strategies and described
in sufficient detail so that the performance and costs of each can be estimated.

6. Select overlay design features: If the distress in the existing pavement is likely to affect future
performance, it needs to be repaired. Premature distress in concrete overlays is often the result of
continued deterioration in the existing pavement that was not properly repaired before overlay
placement. Overlay design features are selected to eliminate or negate the effects of the existing
distress. Table 3 summarizes some of the options considered appropriate for different conditions
for existing asphalt, concrete, and composite pavements.
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Table 3. Definitions of Surface Condition for Different Pavement Condition Ratings and

Suggested Options (AASHTO 2020) [1].
Overall General Pavement Condition Options to Consider (with or without
Condition Rating pre-overlay treatments)
Adequate Excellent | No cracking, minor e Surface repairs without
(has life rutting, and/or minor overlays (not analyzed with
remaining) mixture related distresses PMED)
(e.g., raveling); little to e Pavement preventive maintenance
no surface distortions or strategy
roughness e Non-structural overlay
e Overlay designed for futuretruck
traffic levels
Good Limited load and/or e Pavement preventive maintenance
non-load related cracking, strategy
minor to moderate rutting, | «  Overlays designed for futuretruck
and/or moderate mixture traffic levels, with or without
related distresses; some milling and surface repairs
surface distortions
and roughness
Marginal Fair Moderate load and/or non- | Pre-overlay treatments are recommended.
(may or may load related cracking, e Structural overlay, with or without
not have life moderate rutting, moderate milling and surface repairs
remaining) amounts of mixture related| ¢«  Remove and replace surfacelayer
distresses, and/or some prior to overlay
roughness (IR1>120 « In-place recycling prior to overlay
in./mi)
Inadequate | Poor Extensive non-load Pre-overlay treatment is recommended if
(no life related cracking, not reconstructed.
remaining) moderate load related e Structural overlay, with milling or
cracking, high rutting, leveling course and surface repairs
extensive mixture e Remove and replace existinglayers
related distresses, and/or prior to overlay
elevated e In-place recycling prior to overlay
levels of roughness e Reconstruction
(IR1>170 in./mi)
Very Extensive load related Pre-overlay treatment is recommended if not
Poor cracking and/or reconstructed.
very rough surfaces e Structural overlay with milling
(IR1>220 in./mi) and surface repairs
e Remove and replace existinglayers
prior to overlay
e In-place recycling prior to overlay
e Reconstruction

7. Estimate layer properties: Estimate layer properties for the preliminary rehabilitation/overlay
strategies considered feasible.

8. Execute the PMED software: Execute the design process to predict distress and IRI for future
traffic over the design life using in place layer properties.
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9. Determine layer thickness and design features for each option: Develop preliminary overlay
designs for future traffic levels or the design period in accordance with the MEPDG Manual of
Practice that satisfy the performance or design criteria set by the agency.

10. Cost analysis: Comparing the monetary costs and benefits of the different strategy alternatives
over an extended performance and analysis period.

11. Consider relevant non-monetary factors that influence the overlay strategy: The non-
monetary factors based on specific site conditions and features. For example: clearance
restrictions in areas with multiple overpasses, guardrails, median barriers, other features which
need to be modified for safety reasons, etc.

12. Selection of strategy: Consider monetary and nonmonetary factors together in selecting one
pavement overlay strategy based on available funding or FDOT’s budgetary constraints.

We recommend the use of these steps or a similar process to aid in the decision making prior to
selecting concrete overlay as the design option to ensure the appropriate selection of overlay strategy
which can help improve roadway network performance and reduce long-term maintenance costs. The
use of concrete overlays as a strategy for rehabilitation provides unique opportunities for the FDOT
network as reported in Deliverable 1 and Deliverable 2. In particular, the ability to significantly
improve structural capacity of the pavement system without full reconstruction of the roadway and
improved resiliency from inundation and other extreme weather events at a relatively low potential
cost.

3.4. Project-Level Assessment

The purpose of project-level pavement evaluation is to assess the current condition (distress and
structural response) of the pavement, identify all types of deterioration and deficiencies that need to
be addressed prior to placement of concrete overlay, and identify analysis sections for overlay design.
The MEPDG Manual of Practice provides guidance for conducting a pavement evaluation program
for establishing inputs into PMED. Table 4, adapted from the MEPDG Manual of Practice shows key
steps of a pavement evaluation program to determine inputs for existing pavement layers for concrete
overlay design using PMED.

There are several guides on the design information, data collection methods, and processing
techniques are best suited for different environments and cost points across FHWA and industry
documents including those by the Concrete Pavement Technology Center (CP Tech Center)
referenced in Deliverable 1 and Deliverable 2. FDOT is recommended to refer to these documents for
the development of site-specific investigation plans.
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Table 4. Pavement Evaluation Program to Determine Inputs for Existing Pavement Layers for
Concrete Overlay Design Using PMED (adapted from AASHTO 2000) ///.

Assessment Activity

Purpose of Activity

. Initial Assessment Review
files and historical
information, conduct
windshield survey

Estimate the overall structural adequacy and materials durability of
existing pavement, then segment project into similar condition of:

e Existing layers.

e Shoulders, if present.

e Drainage features (surfaceand subsurface).

Then identify potential rehabilitation strategies and particularly if concrete
overlay strategy is appropriate.

. Surface Feature Surveys
Measure profile, noise,
and friction of existing
surface.

Determine functional adequacy of surface. Profile, friction, and noise
surveys are only used to determine if rehabilitation/overlay is needed
because the surface will usually be replaced or modified. Profile surveys
are used to select a proper pre-overlay strategy—milling depth, leveling
course or separation layer thickness, or none.

. Detailed Condition Survey
Determine type, amount,
and severity of existing
distresses

Estimate structural adequacy or remaining life and materials durability of
existing pavement layers.

e Distortion (faulting of PCC andrutting in AC).

e Cracking (non-load related cracks versus fatigue cracks).

e Material disintegrationdistresses (raveling, D-cracking, etc.)
Define/segment areas with different distresses.

. GPR Survey Estimate layer
thickness, locate
subsurface anomalies and
features

Determine structural adequacy, subsurface features and anomalies, and
materials durability of existing pavement layers:

e Estimate layer thickness.

o Identify potential subsurface anomalies.

e Locate voids beneath pavementsurface.

e Locate AC layers with stripping.

. Deflection Basin Tests
Measure load-response of
pavement structure and
foundation

Determine structural adequacy and in-place modulus of existing
pavement layers and foundation.

e Calculate LTE of cracks and joints in PCC pavements.

e Calculate layer modulus of all lifts.

e Locate borings and cores for destructive tests.

. Destructive Sampling Cores
extracted, and soil borings
taken to recover materials
for visual observation and
lab testing

Determine structural adequacy and materials durability.

e Visual classification of materials and soils.

e Confirm layer thickness and material types.

¢ ldentify/confirm subsurface anomalies (AC stripping, voids, etc.).
e Determine depth to rigid layer or bedrock.

e Determine water table depth.

o Identify seams with lateral water flow.

. Field Inspections Cores
and trenches in
distressed areas

Structural adequacy:
e Determine the rutting in each paving layer from the excavated
trenches.

e Determine where cracking initiated and the direction of crack
propagation.

. Field Tests DCP tests of
unbound layers

Determine structural adequacy—estimate the in-place modulus from DCP
tests performed on the unbound layer through the core locations.
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Assessment Activity Purpose of Activity
9. Field Inspections Subsurface | Subsurface drainage adequacy—inspecting drainage features with mini-
drainage features cameras to check condition of edgedrains and ensure positive drainage.
10. Laboratory Tests Unbound | Layers that will remain in place after rehabilitation/overlay:
materials and soils, AC o Classification tests (gradation and Atterberg limits tests).
mixtures, and PCC «  Unit weight and moisture content tests.
mixtures

Coefficient of thermal expansion—PCC.
Strength tests—PCC and AC layers.
e Modulus tests—PCC layers only.
Level 3—All inputs based on defaults and visual classification of
materials and soils; no laboratory tests are performed on layers that will
remain in place.
Level 2—Modulus estimated from DCP and deflection basin tests for
unbound layers and volumetric properties for bound layers.
Level 1—Laboratory tests listed above.

This information can be obtained using standard field collection routes as well as either minimally
invasive (i.e., nondestructive), invasive (i.e., destructive) testing techniques, or a combination of both
to reflect FDOT current and preferred practices. Testing approaches (i.e., destructive and
nondestructive) and individual methods (e.g., ground penetrating radar, pavement cores, deflection
surveys) provide benefits and limitations for planning as well as varying levels of network
interruptions. While not exhaustive, examples of some available technologies and the intended use of
resulting data is presented in Figure 2. Note that technologies applicable to concrete pavements (i.e.,
PCC) are also applicable to concrete overlays.

3.5. Pavement Grouping and Rehabilitation Selection

Based on the performed assessment, pavements should be grouped after categorization by structural
condition and remaining life. COC-U and COA-U are recommended for consideration for those
groupings corresponding to pavements in marginal or inadequate condition and for increasing
structural capacity (if needed) for pavements in adequate condition. However, final repair and
rehabilitation activities should be selected based on current FDOT life-cycle cost analysis (LCCA)
and progressively increase in concrete overlay projects as recommended in Deliverable 2.
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. Review historical files & information

e  Establish pavement history

< e  Perform windshield survey and initial surveillance of
project limits.

e  Measure longitudinal & transverse profiles.

1. Conduct Initial Pavement Assessment
2. Measure Road Profiles

A 4

. Establish field activities
Estimate & define number of analysis sections
. Select type of field tests — destructive & nondestructive

3. Prepare Preliminary Field
Evaluation Plan

A
.

e Identify the distress types — magnitudes & severity

4. Perform Condition or Visual Survey levels of each distress
{' e Determine layer thickness
5. Perform GPR Survey < e Identify subsurface layer anomalies & features

. Segment design project

A . . . .
e Adjust number & locations of borings, if necessary
6. Refine Field Testmg & Samplmg P . Determine number & depth of borings
Plan e  Determine type & frequency of NDT surveys
e Determine type of field tests & frequency of tests
Yy e Identify weak/strong areas
. . e  Calculate LTE for PCC pavements
7. Conduct Deflection Basin Tests < «  Calculate elastic layer modulus
. Strategically locate borings & cores.
y e  Prepare core & boring logs
8. Drill Cores, Borings, Cut Trenches, & ¢ Confirm layer thickness & material types
Inspection of Other Features < . Conduct inspections of subsurface drainage features, if
present

. Recover materials for laboratory testing
y e  Measure in place modulus of unbound layers — DCP
9. Conduct Destructive Tests < tests
e Measure density & water content of unbound layers
A
Establish Laboratory Test Plan | e Adjust type & number of tests on pavement layers &
bl soil strata
A Layers remaining in place after rehabilitation:
10. Perform Laboratory Tests P . Measure/estimate volumetric & classification properties
’ N . Measure/estimate modulus properties
¢ . Measure/estimate strength properties
Determine In Place Properties .
R ining Life. & C pd‘t‘ > Prepare Pavement Evaluation Document
emainin 11€. onaition .
g i g & Determine PMED Inputs
Category

Figure 2. Steps and Activities for Assessing Condition of Existing Pavements for Overlay Design
(adapted from AASHTO 2020) //].
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4. DESIGN AND CONSTRUCTION GUIDELINES
4.1. General
Design and construction guidelines are intended to supplement information provided in the
RPDM. Recommendations reflect those provided under Deliverable 2 — Review of Concrete
Overlay Strategies and include items specific to Jointed Plain Concrete Pavement (JPCP) and
Roller Compacted Concrete (RCC) overlays. Where no recommendation is provided refer to the
RPDM for guidance.

4.2. Structure / Bond Design
Unbonded design is recommended for all concrete overlays. Unbonded overlay behaves as two
separate layers, each with its own neutral axis. The use of unbonded designs increases pavement
system resiliency and reduces the impact of existing pavement systems on overlay performance.
Unbonded designs general pose less risk than bonded designs, both in terms of project selection,
i.e., proper evaluation of the condition of the existing roadway, and the quality of constructed
bond between pavement layers. Unbonded designs are expected to provide more consistent
performance for FDOT and area contractors with limited experience in concrete overlay
construction. In practice, this means treating the underlying pavement system, either concrete or
asphalt, as a high-quality base with the overlay designed as an independent pavement layer. This
recommended is consistent with Section 12.2 of the RPDM.

4.3. Drainage Design
Drainage design is recommended to follow the RPDM for general concrete overlay applications.
Consideration should be given the installation of edgedrains or other sub-drainage retrofits
during rehabilitation or when high groundwater conditions or cut sections are identified as a
primary driver of existing pavement distress. As concrete overlays rely on uniform performance
of the underlying pavement and foundation layers, failure to address nonuniform performance of
these materials may result in excess surfaces distress and early pavement deterioration.

4.4. Separation Layer Design
Separation layers are required for the installation of COC-U overlays including JPCP and RCC.
The separation layer is installed between the existing pavement system and overlay pavement
and is recommended to be composed of either a new ultrathin (2 inch) layer of dense-graded
asphalt concrete or a nonwoven geotextile.

If geotextiles are used, consider the use of a light colored geosynthetic instead of traditional
black fabric to prevent heat buildup in the underlying pavement during construction, thus
reducing the risk of high curling and warping during construction and providing increased
pavement longevity.

Standard asphalt pavement construction procedures are suitable for placing asphalt separation
layers, with in-place air voids being a key factor for dense-graded mixtures. Low-density areas
with high air voids can cause settlement of the concrete overlay due to secondary consolidation,
volume change, and a higher risk of stripping.

At the typical thickness levels, HMA does not provide meaningful improvements to the pavement

structure. As a result, HMA debonding layers should not be considered as providing a higher
quality pavement surface when performing overlay design (i.e., a poor existing pavement with a
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HMA debonding layer should follow design recommendations for a poor pavement). The
thickness of HMA used for debonding also does not directly reduce the propagation of cracks
from the existing pavement to the overlay but may improve overlay performance through
improved stress transfer from the overlay to the existing pavement.

Asphalt pavements and composite pavements featuring an asphalt concrete top course which will
remain in place and consists of at least 2 inches of good condition pavement (i.e., minimal
distresses, no stripping, adequate binder content, well-graded mix, etc.) do not need a separation
layer as there is no need to separate the concrete overlay from the asphalt to avoid distresses
reflecting through to the overlay.

If asphalt concrete pavements are used as the separation layer the asphalt material should be
tested for stripping potential. Stripping of the separation layer may lead to erosion and loss of
support beneath the concrete overlay, resulting in significantly reduced overlay performance.

4.5. Pre-Overlay Treatment
The decision to perform pre-overlay treatment should be based on whether the deterioration and
underlying damage in the existing pavement (visible distresses, durability issues, support
conditions, etc.) is likely to affect the performance of the overlay within a few years. Much of
the deterioration that occurs in overlays results from continuing deterioration of the existing
pavement that was not repaired prior to placement of the overlay. Pre-overlay repairs are
required to repair localized areas within a given project with major deterioration to meet the
following objectives:
e Provide reasonably uniform support for the overlay (most important).
o Eliminate excessive localized deflections, especially at joints and cracks without
effective load transfer.
e Eliminate the further progression of durability-related distresses in the existing pavement
that will cause premature failure of the JPCP overlay.

The type and extent of pre-overlay repair is dependent upon the following:
e Condition of existing pavement.
e Type and thickness of separator layer.
e Projected future traffic.

Existing pavements in fairly good condition will require only moderate repairs (if any) to restore
uniformity of support and minimize the potential for further deterioration. Pavements
experiencing extensive amounts of medium to high-severity distress will require additional
repairs or the use of thick HMA separator layers to minimize the possibility of existing distress
reflecting into the overlay and resulting in premature failure.

The distresses that require particular attention for both COC-U overlays fall into the following
three categories:
e Joint-related distresses in jointed concrete pavement.
e Non-joint-related distresses (working cracks) that significantly reduce the structural
capacity of the existing pavement including loss of support (high corner deflections).
o PCC durability-related distresses with the propensity to get worse.
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When repair is necessary, it is important to clearly identify the specific distresses and locations
that need repairs, the exact boundaries for repair, and the design of the repair that will be most
suitable. Repair alternatives that have been used include: HMA partial-depth patching; full-depth
PCC joint and crack repair; full-depth repair of blowups; and slab replacement.

For COA-U, preoverlay repairs involve the following activities:
o Milling of the existing asphalt surface layer to level the surface is very important (the
PCC overlay should not be counted on to level up the existing pavement).
e Placing a leveling HMA course on the hot mix HMA.
¢ Combination of milling and level up HMA layer when major profile problems exist.

Minor ruts and other surface irregularities are filled by the concrete overlay. No milling or other
procedures are necessary. If there is unevenness in the longitudinal or transverse profile, milling
or a leveling layer is essential to achieving a smooth surface. Direct placement is recommended
where rutting does not exceed 2 inches maximum depth 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.

For existing flexible pavements with significant amounts of rutting (> 2 inches) and other kinds
of longitudinal or transverse surface distortions, pre-overlay repairs consist of removing these
distortions using a profile milling or planing machine. Milling off 1 to 3 inches of the existing
surface usually produces a uniform profile. Milling also establishes the finished grade line and
adjusts the cross slope as needed before the placement of the overlay. The COA-U overlay is
thus constructed on the milled HMA surface, which acts as trimmed asphalt stabilized base
course. Another advantage of milling and trimming the existing HMA surface is that the PCC
overlay thickness does not vary significantly along the highway. An evaluation of the existing
HMA for stripping potential is recommended. This layer will now be subjected to far more
moisture than as a surface layer.

It's important to follow best practices when milling asphalt. Loose asphalt and scabs should be
removed, and the milling depth should be controlled using a stringline, ski, or 3D machine
control to ensure that the planned minimum asphalt thickness remains after milling. If during the
milling process, the underlying base course or subgrade becomes exposed due to inconsistencies
in asphalt thickness or milling depth, mill or trim the surrounding area to an additional depth of 2
to 3 inches and increase the concrete overlay thickness by the same amount in that section. If this
method is used, it's crucial to communicate the change in concrete pavement thickness to the
sawing crew, so they can adjust the sawcut locations and depths accordingly.

A uniform paving surface can also be achieved by placing an asphalt leveling course on top of
the existing asphalt pavement surface. The typically average leveling course thickness is 1 inch
thick, which is adequate for correcting most surface deviations in the existing flexible pavement.
The HMA used in the leveling course generally meets standard design specifications and
employs conventionally graded aggregates. Placement of a leveling course is usually more
expensive than milling. Because of its expense, this option should not be considered where
surface distortions such as rutting are less than 1 inch.
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4.6. Pavement Thickness Design Process
The use of conventional (6-12 inches) overlay thicknesses are recommended for the FDOT
network. Overlay design thickness should be developed using the recommended design methods,
detailed below, and the comfort of the contractor and FDOT pavement engineers. Thin (4-6
inches) and thick (>12 inches) overlays while likely to be successful are currently not
recommended until Florida contractors and FDOT have gained sufficient experience building
conventional concrete overlays.

Ultrathin bonded concrete overlays (COA-B) are also not recommended for use until further
overlay experience is obtained by FDOT and local contractors due to the potential for relatively
poor performance and increased sensitivity to construction practices.

4.6.1.Design Methods

As FDOT currently uses PMED for new rigid pavements, adoption of current rigid design
procedures for concrete overlays faces limited barriers to entry for FDOT personnel. Based on
this experience PMED is maintained as the preferred design methodology for concrete overlays.
The PMED procedure is based on ME design concepts, which means that the design procedure
calculates pavement responses such as stresses, strains, and deflections, and accumulates the
incremental damage from these responses over time. The procedure then empirically relates
accumulated damage calculated from the responses to pavement distresses observed on roadway
segments over time. This field calibration and validation is essential to a reliable design
procedure. If PMED is found to be unsuitable by FDOT for any reason, alternative design
methods are provided in Table 5.

Table 5. Recommended Design Methods for Unbonded Overlays

Pavement Type — Design Method

Thickness AASHTOWARE® AASHTO 93
Pavement ME OptiPave 2.0 | RCC-PAVE | Design Guide
Design (PMED)

JPCP — Ultrathin
(2-4 inches) !
JPCP — Thin

.3
(4-6 inches) Preferred Alternative

JPCP — Conventional .
(6-12 inches)? Preferred Alternative
JPCP — Thick .
(>12 inches) Preferred Alternative
RCC — Conventional Preferred Alternative Alternative

(6-12 inches)
1. Ultrathin JPCP overlays are not recommended for use in Florida currently.
2. Conventional JPCP overlays are the preferred overlay thickness and structural design currently.
3. Recommended as an alternative for ultrathin overlays and reduced panel size.

Note, the use of PMED for RCC design may warrant a separate calibration due to the differences
in construction techniques, material properties, and joint properties of RCC as compared to JPCP.
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4.6.2.Design Periods

A 20-year design period is recommended for all concrete overlays. This is consistent with FDOT
typical pavement design. If FDOT revises design periods for rigid pavements we recommend
revising concrete overlay design periods to match those of standard rigid pavements.

4.6.3.Design Procedure

Design procedures for concrete overlays are like those of normal concrete pavements for the
PMED framework. The PMED procedure uses several mechanistic-based algorithms to
characterize new or existing pavement foundation, structure, layer materials, traffic, and climate;
simulate stress/strains/deflection due to the interactions between applied traffic load and climate;
and calculate the resulting damage manifested as distress and smoothness loss over the design life
of a pavement. The PMED procedure is shown in Table 6.

Table 6. Stages of PMED Iterative Design Procedure.

PMED Stage Design Steps
a) Characterize proposed pavement site conditions, paving material
STAGE 1: Evaluation properties, and existing pavement condition/properties.
stage b) Assemble information in a project database for use in trial design

development and evaluation.

a) Select a trial design strategy using PMED.

b) Define a trial pavement structure to analyze (pavement layer types,
material properties, design features, construction practices, etc.) for
given site conditions (climatic, traffic, and subgrade/existing layer
properties).

¢) Populate the trial design in PMED with materials, design, construction,
climate, traffic, and other inputs.

d) Select appropriate failure or performance criteria that the trial design

STAGE 2: Analysis stage must satisfy at the end of the design life at a given level of reliability.

e) Run the trial design using PMED.

f) Obtain analysis outputs and (1) review inputs and calculated values such
as moduli for reasonableness, (2) evaluate the outputs for accuracy and
reasonableness and (3) examine predicted distress/smoothness to
determine if the trial design satisfies the predefined failure criteria and
reliability at the end of the evaluation period.

g) If the trial design passes the performance criteria, proceed to next stage.
If otherwise, revise the trial design.

STAGE 3: Strategy a) Assemble key design, structure, maintenance and rehabilitation (M&R),
selection stage (not part of and cost information on viable overlay alternatives.

PMED and to be b) Perform engineering and cost analysis.

performed independently ¢) Evaluate other design and construction considerations.

outside of PMED) d) Select preferred design strategy.

Stage 1 consists of the development of input values for the analysis. During this stage, potential
overlay/rehabilitation strategies are identified for consideration in the analysis stage. A key step of
this process is foundation analysis. The foundation analysis for concrete overlay projects also
includes a subgrade analysis. However, the most important part of the foundation analysis for
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concrete overlay projects is the investigation of distress types occurring in the existing pavements
and the underlying causes of those distresses. The overall strength/stiffness of the existing
pavement is evaluated using deflection testing and backcalculation procedures.

Also, during the first stage, pavement materials characterization and traffic input data are
developed. The Enhanced Integrated Climate Model (EICM), a powerful climatic effects
modeling tool, is used to model temperature and moisture within each pavement layer and the
subgrade. The climatic model considers hourly climatic data (temperature, precipitation, solar
radiation, cloud cover, and wind speed). The pavement layer temperature and moisture
predictions from the EICM are calculated hourly over the design period and used in various ways
to estimate material properties for the foundation and pavement layers throughout the design life.
The frost depth is determined, and the proper moduli are estimated above and below this depth.
The structural section is then evaluated for structural distresses using the mechanistic-empirical
approach. Stage 2 of the design process is the structural/performance analysis. The analysis
approach is an iterative one that begins with the selection of an initial trial design. Initial trial
designs can be created by the designer, obtained from an existing design procedure, or from a
general catalog (see design tables in section 4.5.6). The trial design requires initial estimates of
layer thickness, geometric features, initial smoothness, required repairs to the existing pavements,
pavement materials characteristics, and many other inputs. The trial section is analyzed
incrementally over time using the pavement response and distress models, and the outputs of the
analysis are accumulated damage the expected amount of distress and smoothness over time. If
the trial design does not meet the performance criteria, modifications are made and the analysis
re-run until a satisfactory result is obtained.

Stage 3 of the process includes those activities required to evaluate the structurally viable
alternatives. These activities include an engineering analysis and life cycle cost analysis of the
alternatives. This stage is not performed within PMED and is to be performed by the designer
outside of PMED.

4.6.4.Standard Variables and Inputs
Standard variables and inputs are recommended to follow the RPDM including:

Reliability: RPDM Section 2.1

Traffic Loading Forecasts (Equivalent Single Axle Loads - ESALs): RPDM Section 2.2
Climate Region: RPDM Section 2.2

Initial Smoothness (IRI): RPDM Section 2.2

Terminal Smoothness (IRI): RPDM Section 2.2

Terminal Faulting: RPDM Section 2.2

Terminal Cracking: RPDM Section 2.2

28-Day PCC Compressive Strength: RPDM Section 2.2

Coefticient of Thermal Expansion (CTE): RPDM Section 2.2

Separation Layer (for COC-U): not included as an input in PMED
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Asphalt Base: RPDM Section 2.2 and based on site investigation (thickness, backcalculated
“damaged” modulus)

Concrete Base: Based on site investigation (thickness, backcalculated elastic modulus)
Stabilized Subbase: RPDM Section 2.2 and based on site investigation (thickness, backcalculated
elastic modulus)

Stabilized Subgrade: RPDM Section 2.2 and based on site investigation (thickness,
backcalculated resilient modulus)

Roadbed Soil Resilient Modulus (Mgr): RPDM Section 2.2 and based on site investigation
(backcalculated resilient modulus)

Joint Spacing: RPDM Section 2.2

Truck Lane Slab Width: RPDM Section 2.2

4.6.5.Calibration Factors

Florida-specific calibrated factors applicable for new JPCP are recommended. Additional local
calibration of PMED software for concrete overlays is recommended once FDOT has constructed
and maintained enough concrete overlay segments. A minimum of 30 sections representing a
wide range of climate, traffic, and support conditions are recommended to perform the local
calibration.

4.6.6.Design Catalog

The following tables provide a framework for the design catalog for unbonded concrete overlays
of asphalt and concrete. These tables can be used as a first order approximation for concrete
overlay thickness and for planning/budgeting purposes. We recommend using the design methods
described earlier for a more thorough design specific to the project needs
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Existing pavement: Asphalt, 6 inches, excellent condition; COA-U thickness (lower limit: 7 inches)

Region A B C D E F G
Traffic Reliability Reliability Reliability Reliability | Reliability | Reliability Reliability
(%) (%) (%) (%) (%) (%) (%)
ESALs/AADTT 80 90 80 920 80 90 80 920 80 920 80 90 80 90
5/575 7.5 7.5 7.5 7.5 7.0 7.5 7.0 70| 7.0 7.0 7.0 7.0 7.0 7.0
10/1150 8.0 8.5 8.0 8.0 7.5 8.0 7.5 751 7.5 7.5 7.5 7.5 7.0 7.0
25/2875 9.0 9.5 8.5 9.0 8.5 8.5 8.0 85| 8.0 8.0 8.0 8.0 7.5 7.5
50/5750 10.0 | 10.5 9.5 9.5 9.0 9.0 9.0 9.0 | 8.0 9.0 8.0 9.0 8.0 8.0
100/11500 11.0 | 11.5| 105 | 10.5 9.5 10.0 9.0 951 9.0 9.0 9.0 9.0 9.0 9.0
Existing pavement: Asphalt, 12 inches, excellent condition; COA-U thickness (lower limit: 7 inches)
Region A B C D E F G
Traffic Reliability Reliability Reliability Reliability | Reliability | Reliability Reliability
(%) (%) (%) (%) (%) (%) (%)
ESALs/AADTT 80 90 80 920 80 90 80 920 80 920 80 90 80 90
5/575 7.5 7.5 7.0 7.5 7.0 7.0 7.0 70| 7.0 7.0 7.0 7.0 7.0 7.0
10/1150 8.0 8.5 7.5 8.0 7.5 7.5 7.5 751 7.0 7.5 7.0 7.0 7.0 7.0
25/2875 9.0 9.0 8.5 8.5 8.0 8.5 8.0 80| 75 8.0 7.5 8.0 7.0 7.5
50/5750 10.0 | 10.5 9.0 9.5 9.0 9.0 9.0 9.0 | 8.0 9.0 8.0 9.0 8.0 8.0
100/11500 11.0 | 11.5 | 10.0 | 10.5 9.5 9.5 9.0 951 9.0 9.0 9.0 9.0 9.0 9.0
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Existing pavement: Asphalt, 6 inches, poor condition; COA-U thickness (lower limit: 7 inches)

Region A B C D E F G
Traffic Reliability Reliability Reliability Reliability | Reliability | Reliability Reliability
(%) (%) (%) (%) (%) (%) (%)
ESALS/AADTT 80 920 80 920 80 920 80 920 80 920 80 90 80 90
5/575 7.5 80| 75| 75| 75| 75| 70| 75| 70| 70| 70| 70| 70| 7.0
10/1150 8.0 8.5 8.0 8.0 7.5 8.0 7.5 751 7.5 7.5 7.5 7.5 7.0 7.0
25/2875 9.0 95 85| 90| 85| 85| 80| 85| 80| 85| 80| 80| 75| 75
50/5750 100 | 105| 95| 100 90| 9.0| 90| 90| 90| 90| 90| 90| 80| 8.0
100/11500 110 11.5| 105] 105| 95| 100| 95| 95| 90| 95| 90| 95| 90| 9.0
Existing pavement: Asphalt, 12 inches, poor condition; COA-U thickness (lower limit: 7 inches)
Region A B C D E F G
Traffic Reliability Reliability Reliability Reliability | Reliability | Reliability Reliability
(%) (%) (%) (%) (%) (%) (%)
ESALS/AADTT 80 90 80 920 80 90 80 90 | 80 | 90 80 90 80 90
5/575 75| 75| 15| 15| 70| 75| 70| 70| 70| 70| 70| 70| 70| 7.0
10/1150 8.0 8.5 8.0 8.0 7.5 7.5 7.5 751 7.5 7.5 7.0 7.5 7.0 7.0
25/2875 9.0 95 85| 90| 85 8.5 80| 85| 80| 80| 80| 80| 75| 75
50/5750 100 105 95| 95| 90| 90| 90| 90| 90| 90| 90| 90| 80| 8.0
100/11500 11.0| 11.5| 105| 105| 95| 100 90| 95| 90| 90| 90| 90| 90| 9.0
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Existing pavement: Concrete, 7 inches, fair condition; COC-U thickness (lower limit: 6 inches)

Region A B C D E F G
Traffic Reliability Reliability Reliability Reliability | Reliability | Reliability Reliability
(%) (%) (%) (%) (%) (%) (%)
ESALs/AADTT 80 90 80 90 80 920 80 920 80 920 80 920 80 90
5/575 6.0 6.0 6.0 6.0 6.0 6.0 6.0 60| 6.0 6.0 6.0 6.0 6.0 6.0
10/1150 7.5 8.0 7.0 7.5 7.0 7.0 7.0 70| 6.5 7.0 6.5 6.5 6.0 6.0
25/2875 8.5 9.0 8.5 9.0 8.5 9.0 8.0 85| 8.0 8.0 8.0 8.0 8.0 8.0
50/5750 9.5 9.5 9.5 9.5 9.5 9.5 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0
100/11500 10.5| 105 | 10.5| 105 | 10.5| 10.5| 10.0 | 10.0 | 10.0 | 10.0 | 10.0 | 10.0 | 10.0 | 10.0
Existing pavement: Concrete, 12 inches, fair condition; COC-U thickness (lower limit: 6 inches)
Region A B C D E F G
Traffic Reliability Reliability Reliability Reliability | Reliability | Reliability Reliability
(%) (%) (%) (%) (%) (%) (%)
ESALs/AADTT 80 90 80 90 80 920 80 920 80 920 80 920 80 90
5/575 6.0 6.0 6.0 6.0 6.0 6.0 6.0 60| 6.0 6.0 6.0 6.0 6.0 6.0
10/1150 7.0 7.5 6.5 7.0 6.5 6.5 6.5 65| 6.0 6.5 6.0 6.0 6.0 6.0
25/2875 8.0 8.5 8.0 8.5 7.5 8.0 7.5 751 7.5 7.5 7.5 7.5 7.5 7.5
50/5750 9.0 9.5 9.0 9.5 9.0 9.5 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0
100/11500 10.5| 105 | 10.5| 105 | 10.5| 10.5| 10.0 | 10.0 | 10.0 | 10.0 | 10.0 | 10.0 | 10.0 | 10.0
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Existing pavement: Concrete, 7 inches, very poor condition; COC-U thickness (lower limit: 6 inches)

Region A B C D E F G
Traffic Reliability Reliability Reliability Reliability | Reliability | Reliability Reliability
(%) (%) (%) (%) (%) (%) (%)
ESALs/AADTT 80 90 80 920 80 920 80 90 80 90 80 90 80 90
5/575 7.5 8.0 7.0 7.5 7.0 7.5 7.0 70| 6.5 7.0 6.5 6.5 6.0 6.5
10/1150 8.0 8.5 8.0 8.0 7.5 8.0 7.5 751 7.0 7.5 7.0 7.0 6.5 7.0
25/2875 9.0 9.0 9.0 9.0 9.0 9.0 9.0 90| 85 8.5 8.0 8.5 8.0 8.0
50/5750 9.5 | 10.0 9.5 | 10.0 9.5 | 10.0 9.5 951 9.0 9.5 9.0 9.5 9.0 9.0
100/11500 1.5 11,5 11.0| 11.0| 105 | 10.5| 10.5| 105 10.5| 10.5| 10.0 | 10.5| 10.0 | 10.0
Existing pavement: Concrete, 12 inches, very poor condition; COC-U thickness (lower limit: 6 inches)
Region A B C D E F G
Traffic Reliability Reliability Reliability Reliability | Reliability | Reliability Reliability
(%) (%) (%) (%) (%) (%) (%)
ESALs/AADTT 80 90 80 90 80 920 80 920 80 920 80 90 80 90
5/575 7.5 7.5 7.0 7.5 7.0 7.5 6.5 70| 6.5 7.0 6.0 6.5 6.0 6.0
10/1150 8.0 8.5 7.5 8.0 7.5 7.5 7.5 751 7.0 7.0 6.5 6.5 6.5 6.5
25/2875 9.0 9.0 9.0 9.0 9.0 9.0 9.0 90| 8.0 8.5 8.0 8.5 8.0 8.0
50/5750 9.5 | 10.0 9.5 | 10.0 9.5 | 10.0 9.0 951 9.0 9.5 9.0 9.0 9.0 9.0
100/11500 1.5 11.5| 11.0| 11.0| 105 | 10.5| 10.5| 105 10.5| 10.5| 10.0 | 10.5| 10.0 | 10.0
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4.7. Joint Details
4.7.1.General
As detailed in the RPDM, the purpose of joints is to control cracking caused by initial concrete
shrinkage due to drops in moisture and temperature, and to reduce in-service stresses as the slabs
contract and curl during temperature changes and differentials through the slab. There are several
types of joints. There are transverse joints (sometimes referred to as contraction joints),
longitudinal joints, expansion joints and construction joints.

4.7.2.Joint Sealing
Joint sealing, layout, grinding, and other construction details except those listed are recommended
to follow the RPDM. Joint sealing is a recommended practice for all concrete overlay joints.

4.7.3. Transverse (Contraction) Joints

JPCP overlays typical joint spacing (in feet) should be less than two times slab thickness (in
inches). Unbonded overlays thicker than 7 inches are typically designed to have the same joint
spacing as that of the existing pavement (if less than 20 feet). Unbonded overlays may also be
designed with a shorter panel length or shorter panel width, with shorter panel length (10 to 15
feet) more common, especially in the case of thin slabs (7 inches or less). The matching of the
transverse joints is not necessary except for the existing pavement’s expansion or isolation joints,
which should be recreated for the concrete overlay.

Transverse joint cuts are recommended but not necessary for RCC pavements. When transverse
joints are used, panel dimensions and thickness are like those of JPCP.

4.7.4.Transverse Joint Dowel Bars

Transverse joint dowl bar design is recommended to follow the RPDM for JPCP overlays when
using metallic (steel) bars. If using fiber-reinforced polymer bars (FRP) or glass-fiber reinforced
polymer bars (GFRP) refer to recommended manufacturer sizes. The use of FRP and GFRP are
not direct replacements of metallic reinforcement and design may require either an increase in bar
diameter or a decrease in inter-bar spacing to provide comparable performance under all
conditions.

Because of the construction process, dowels cannot be placed in RCC using baskets or dowel bar
inserters, as with JPCP. As such, RCC pavements are not constructed with dowel bars at the
transverse joints. RCC exhibits well developed load transfer characteristics due to the aggregate
interlock across transverse joints and between panels.

4.7.5.Longitudinal Joints

Longitudinal joints of JPCP and RCC overlays may be matched with the longitudinal joints of the
existing concrete, except in cases where the overlay is wider than the existing pavement or a
change in lane configuration is needed.

4.7.6.Construction Joints
Doweling of construction joints is recommended to follow the RPDM for JPCP overlays.

4.7.7.Grinding
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As stated in the RPDM grinding for smoothness shall be performed on the entire pavement
surface lanes for new and rehabilitation projects. Levels of effort required for grinding of JPCP
overlays are not expected to differ from those of new pavements and may even be lower due to a
more stable construction platform as compared with a stabilized subbase. Significant grinding
may be required for RCC to meet desired smoothness for high-speed traffic applications. Lesser
degrees of grinding of RCC are anticipated for lower speed applications including shoulders,
ramps, and other transportation facilities.

4.8. Shoulder Design
Shoulder design is recommended to follow the RPDM.

5. MAINTENANCE GUIDELINES
Maintenance operations and guidance are recommended to follow those provided in the RPDM and
2025 FDOT Design Manual. Inspection, repair, and rehabilitation operations of concrete overlays are
very similar to those of concrete (rigid) pavements and are not anticipated to differ from current
FDOT recommendations and practice. Additional information of the repair and replacement of
concrete overlays is available in Concrete Overlay Repair and Replacement Strategies, 2024,
prepared for the National Concrete Pavement Technology Center.
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