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Chapter 1. Introduction 
The Federal Highway Administration (FHWA) Pooled Fund TPF-5(149) research project was 

initially focused on thermally insulated concrete pavements (TICP), a subclass of composite 

pavements that involve the construction or rehabilitation of Portland cement concrete (PCC) 

pavements with asphalt concrete (AC) overlays.  In addition to the projectôs primary focus on 

TICP, much of the project research included a significant literature review and investigation into 

general composite pavements ï i.e. PCC concrete pavements rehabilitated with AC overlays 

(henceforth AC-over-PCC or simply AC-PCC), as in Figure 1. 

 

 
Figure 1. Typical cross section of an AC overlay over a PCC pavement (from Rao et al. 

2011) 

 

As this general knowledge would have been largely set aside in narrowing the project scope to 

solely consider TICP, the TPF-5(149) panel amended the project work to include a task to 

document the general AC-over-PCC knowledge developed during the course of TPF(5)-149.  

The result of that task is this synthesis. 

 

1.1 Brief Overview of AC-over-PCC Implementation and Research 

AC-over-PCC has been recognized as a viable means of rigid pavement rehabilitation for many 

years.  As a result of the large number of existing AC-over-PCC pavements, pavement engineers 

are very familiar with the process of rehabilitating rigid pavements using AC overlays.  The AC 

overlay practices of many state departments of transportation (DOT) in the United States can be 

found in Gopal (2010).  This and other resources detail the breadth of the DOT experience 

designing and constructing AC overlays for existing rigid pavement. 

 

In addition to familiarity through practice, some pavement research projects have included AC-

over-PCC as a focus.  One such research study is the Strategic Highway Research Program 

(SHRP) Long-Term Pavement Performance (LTPP) program.  The LTPP pavement test sections 

are divided into General Pavement Studies (GPS) and Specific Pavement Studies (SPS), and 

GPS and SPS sections that concern AC-over-PCC are:  
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GPS-7.  Hot Mix Asphalt (HMA) Overlay of PCC Pavements 

SPS-6.  Rehabilitation Techniques Using HMA Overlays of PCC Surfaced Pavements 

 

Each of these experiments includes one of four environments (1. Wet, Freeze; 2. Wet, No 

Freeze; 3. Dry, Freeze; and 4. Dry, No Freeze); traffic levels expressed in ESALs; layer 

structural thicknesses; and many other variables (Hall et al. 2005).  Pavement researchers have 

used the LTPP GPS-7 and SPS-6 data to better determine the best design practices and 

performance of AC-over-PCC.  Later sections will summarize a few of the relevant LTPP 

analyses that concern AC-over-PCC data 

 

1.2 AC-over-PCC as Pavement Preservation, Preventative 
Maintenance, and Pavement Rehabilitation 

Through observations gathered from implementation and research, pavement engineers have 

developed a number of definitions for pavement construction techniques and philosophies.  The 

following definitions are relevant to the AC-over-PCC guidelines for TPF-5(149).  Note that 

these definitions and discussion are adapted directly from the Federal Highway Administration 

(FHWA) 2005 memorandum that closely defines these terms for pavement engineers (FHWA 

2005). 

 

 
Figure 2. Terms for pavement improvement efforts relative to condition over time (from 

Smith et al. 2008) 

 

Pavement preservation is a coordinated long-term effort to enhance pavement performance using 

practices that extend pavement life, improve safety, and provide a quality roadway for users.  

Pavement preservation involves the application of preventive maintenance, nonstructural 

rehabilitation, and other routine maintenance activities.  While pavement preservation restores 

the function of the existing system and extends its service life, it does not significantly increase 

the systemôs load-carrying capacity or strength.  
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Preventative maintenance is a strategy of applying treatments to existing roadways that preserve 

the system, slow the rate of roadway deterioration, and maintain or improve the functional 

condition of the system without increasing the structural capacity of the pavements.  Preventive 

maintenance is usually applied to pavements in good condition that still have service life 

remaining.  As a major component of pavement preservation, preventive maintenance extends 

the service life by applying treatments to the surface or near-surface of structurally sound 

pavements.  One obvious example of a preventive maintenance treatment can be thin or ultra-

thin AC overlays.  For more examples and discussion, consult the memorandum referenced 

above (FHWA 2005). 

 

Pavement rehabilitation refers to ñstructural enhancements that extend the service life of an  

existing pavement and/or improve its load carrying capacityò (FHWA 2005).  Relevant 

enhancements to the TPF-5(149) project are obviously structural AC overlays.  These 

rehabilitations are designed to extend the life of the existing pavement by restoring structural 

capacity through the elimination of cracking or by increasing pavement thickness to 

accommodate existing or anticipated traffic loads.   

 

Pavement rehabilitation strategies are divided into minor and major rehabilitation, the distinction 

being made by the change to the structural capacity as a result of the rehabilitation effort.  Minor 

rehabilitation consists of non-structural enhancements made to the existing pavement sections to 

eliminate cracking.  As minor rehabilitation techniques are non-structural, they are typically 

categorized as pavement preservation efforts.  On the other hand, a major rehabilitation is a 

project that extends the service life of an existing pavement and/or improves its load-carrying 

capability through direct structural modification.  For more information on this distinction, 

consult the FHWA memorandum referenced at the outset of this subsection (FHWA 2005). 

 

Both preventative maintenance and pavement rehabilitation projects can be categorized as 

pavement preservation efforts.  Furthermore, there can be overlap between maintenance and 

rehabilitation, and AC-over-PCC is a good example of the kind of project that can serve several 

functions depending on the particular needs of the existing pavement.  Later sections will detail 

the differences in AC overlay structural and mix design for maintenance and rehabilitation 

efforts. 

 

1.3 Use and Benefits of AC-over-PCC 

Asphalt overlays of concrete pavements (AC-over-PCC) are not only used to improve the 

functionality of a distressed pavement.  Overlays such as open graded asphalt friction courses or 

porous asphalt overlays can be used to reduce noise, improve skid resistance, and improve ride 

quality.  Asphalt overlays, whether they are placed for structural reasons or noise/friction 

reasons, can be placed over pavements in various degrees of distress.  No matter the condition, 

the overlay will perform better if the existing pavements are properly prepared, and an 

assessment should be made to determine that the overlay rehabilitation is more economical than 

rebuilding the pavement. 

 

The benefits of using AC-over-PCC coincide with the benefits of any standard pavement 

preservation effort.  For more information on these benefits, the reader may consult the FHWA 
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Pavement Preservation Compendium, whose collected articles detail the economic, 

infrastructure, and implementation advantages to using pavement preservation efforts (FHWA 

2006).  However, there are additional advantages provided by AC-over-PCC that have been 

observed as a result of the Long-Term Pavement Performance (LTPP) general pavement study of 

AC overlays of PCC pavements (GPS-7) and frequent application of AC-over-PCC by State 

DOTs.  

 

The most notable benefit of AC overlays is that they provide a cost-effective method of 

rehabilitating an existing roadway.  Another major benefit of AC overlays is the convenience and 

speed of overlay construction.  Whether applied to flexible or rigid pavements, AC overlays can 

be constructed with little need for major traffic obstruction or redirection. 

 

Furthermore, the use of the overlay itself, rather than more costly and involved alternatives (e.g. 

full -depth repair), is another benefit.  Whereas more expensive options can provide the needed 

structural performance, often a major rehabilitation involving a simple AC overlay of the 

appropriate thickness can save an agency both time and money in the short term.  As implied by 

the definitions above, another benefit of AC overlays is the versatility of the overlay, which can 

serve either as a maintenance technique to remediate unexpected environmental or traffic loading 

or as a rehabilitation technique to extend the service life of an existing pavement. 

 

1.4 TPF-5(149) Project Summary 

The FHWA Pooled Fund Project TPF-5(149) focused on the design, cost analysis, construction, 

and analysis of AC overlays of newly constructed PCC pavements.  These pavements were 

termed ñthermally insulatedò in light of the benefits of the AC overlay relative to 

environmental/climatic effects on performance.  Thermally insulated concrete pavements 

(TICPs) consist of a concrete pavement structure (jointed or continuously reinforced) covered by 

an asphalt layer during construction (before opening to traffic) or soon after construction to 

address ride quality or surface characteristic issues.  

 

TICPs combine the structural longevity of PCC pavements with the serviceability of AC 

pavements.  One of the perceived benefits of TICPs was the simplification of the PCC design 

and construction through a thinner PCC layer due to reduced stresses in the concrete from the 

insulating effects of the asphalt layer, simplified finishing and simplified joint formation 

techniques.  The main objective of the TPF-5(149) research was to perform life cycle cost 

analysis comparisons and develop design and construction guidelines for TICPs. The study 

initially had the following secondary objectives:  

 

1. Validation of the structural and climatic models of the Mechanistic-Empirical 

Pavement Design Guide (MEPDG) for asphalt overlays of concrete pavements.  

2. Investigation of applicability of the MEPDG for design of TICPs.  

3. Investigation of applicability of reflective cracking and asphalt rutting models 

developed in California.  

4. Development of recommendations for feasibility analysis of newly constructed TICPs 

or thin overlays of the existing concrete pavements.  
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As discussed in the Introduction, an additional fifth objective, added as the TPF-5(149) project 

research was in process, is the development of an overview of the evaluation, design, and 

rehabilitation of concrete pavements using AC overlays.  This synthesis is the fulfillment of that 

final objective. 

 

1.4 Synthesis Outline 

The issues relating to AC-over-PCC summarized in this synthesis are organized as follows. 

 

¶ Chapter 2 identifies methods and tools used to evaluate an existing PCC pavement for 

rehabilitation. 

 

¶ Chapter 3 details methods of repair and preparation of an existing PCC pavement ahead of 

AC overlay construction. 

 

¶ Chapter 4 notes special considerations in the AC mix design of overlays to be used to 

rehabilitate PCC pavements. 

 

¶ Chapter 5 summarizes the most popular mechanistic-empirical pavement design methods for 

AC-over-PCC. 

 

¶ Chapter 6 describes the current practice of AC overlay construction. 

 

¶ Chapter 7 summarizes performance evaluation studies conducted on AC-over-PCC, 

particularly those describing LTPP sections. 

 

¶ Chapter 8 presents case studies in the construction and/or performance of AC-over-PCC as 

developed by state DOTs. 

 

The synthesis report describes the evaluation, preparation, design, and construction of AC 

overlays of jointed plain concrete pavements (JPCP) in keeping with the focus of the TPF-5(149) 

project.  However, many of the techniques summarized here are applicable to other kinds of 

concrete pavements (e.g. continuously reinforced concrete), and the resources pointed to in this 

summary can be consulted for more details on AC overlays of non-JPCP. 
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Chapter 2. Existing Concrete Pavement Evaluation 
The purpose of the concrete pavement evaluation is to determine the condition of the existing 

pavement.  This allows an engineer to decide if pavement preservation, maintenance, or 

rehabilitation is required.  There are two major focuses of the evaluation process: the structural 

condition of the existing pavement and the functional condition.  Based on the pavementôs 

current condition, it can be determined which treatment would be most appropriate to prolong 

the pavement life and how that treatment must be implemented.  It is important to properly 

determine the types of distresses in the current pavement and their causes because any repair or 

rehabilitation must address the causes of current distress to be successful.  The initial evaluation 

should be conducted early enough in the pavementôs life that it falls within the pavement 

preservation window, as shown in Figure 2.  This ensures that there will be time to rehabilitate 

the pavement before it is so distressed that replacement is the only cost effective option 

 

2.1 Evaluation Procedure 

Both the structural and functional evaluations follow the same basic procedure.  The evaluation 

begins in the office with an examination of historic records. From documents such as the original 

construction plans and field reports, as well as any previous damage surveys and pavement 

evaluations, an engineer can begin to form an overall vision of the project.  Historical 

information can also be used to eliminate the need for certain types of tests.  For example, if in 

the course of a previous evaluation, the thickness of the pavement has been determined at various 

locations, testing does not need to be conducted again to determine the pavement thickness 

unless the pavement is known to have experienced extensive repairs that warrant repeated 

measurement.   

 

Similarly, if tests have already determined that certain issues exist, and these issues have not 

been addressed, then the engineer knows in advance that those problems will be present, though 

they may have increased in severity.  In this case, special attention should be given to avoid 

neglecting previously known problems with the pavement.  For example, if it was determined in 

prior evaluations that the pavement has poor drainage, and no remedial actions have been taken, 

special care should be taken to evaluate the severity of the lack of drainage, as it is unlikely to 

have improved on its own.  In this way, careful consideration of historic documentation can help 

prevent unnecessary testing and alert engineers to potential problems already known to exist in 

the pavement (Miller and Bellinger 2003, NCHRP 2004a). 

 

Once records of the pavement have been examined, an initial visit to the project site can be 

conducted.  This visual evaluation can help to determine the extent to which testing will need to 

be conducted.  As this is a very preliminary evaluation, it can be conducted by simply driving 

over the pavement and noting observations, including the quality of the ride and any very 

apparent distresses.  A more thorough visual inspection can be performed as part of a damage 

survey (discussed in detail below) to identify the types of distresses present, the extent of the 

damage, and potential causes of the distress.   

 

The initial site work may also include a review of the profile along the length of the roadway.  

By examining the profile of the entire roadway, areas with significant movement of the concrete 
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panels can be detected for the benefit of close structural evaluation, as these movements can 

indicate unstable or non-uniform conditions in the layers below the concrete (Miller and 

Bellinger 2003).   

 

The results of this initial visit, coupled with the examination of the historic documentation can be 

used to divide the pavement into discrete, similar sections based on their structure or distress 

type.  Different sections may require different types of testing or test intervals based on their 

condition and the anticipated intensity of the testing regime required to collect a sufficient 

amount of data (Miller and Bellinger 2003, NCHRP 2004a).  

 

Once the pavement has been divided into sections for testing, the structural and functional 

evaluations can begin.  These evaluations both involve collecting data in the field through 

various forms of testing, which can include non-destructive testing (NDT) using a Falling 

Weight Deflectometer (FWD), skid testing for friction, etc.  Figure 3 details various in-place 

evaluation methods used by 26 state DOTs surveyed to evaluate existing pavements, where 

abbreviations in the figure are coring and sampling (C&S); ground penetrating radar (GPR); 

dynamic cone penetrometer (DCP); visual distress surveys (VDS); traffic counts and vehicle 

classification (TRAF); and laboratory testing (LAB).  The techniques in Figure 3 will be 

discussed in later subsections on evaluations for the rehabilitation of PCC using AC overlays.  

The data collected using these techniques is analyzed to determine the pavement condition 

 

 
Figure 3. State agency NDT usage to determine the pavement condition as part of existing 

pavement evaluation (from Bennert 2009) 

 

From the results of the structural and functional evaluations, decision metrics can be used to 

determine if rehabilitation is required.  In some states, for the rehabilitation of JPCP, joint 

deflections in excess of a predetermined threshold indicate the need for dowel bar retrofits or 
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undersealing, while a load transfer efficiency less than a certain amount indicates the need for 

joint rehabilitation.  The results of the pavement evaluation can also be used in the design of the 

AC overlay.  For example, 72% of states using FWD as part of their pavement evaluation used 

that information directly as a design input (Bennert 2009). 

 

2.2 Structural Evaluation 

The focus of the structural evaluation is to determine the structural condition of either the 

existing pavement, including the extent of damage, and a determination of the remaining life of 

the pavement (Hall et al. 2001).  The two major categories of structural evaluation are surveys 

and testing.  Generally, surveys are conducted to determine the extent of damage and the 

condition of drainage in the pavement based on visual surface assessment.  Testing is conducted 

to determine the structural condition and extent of damage which cannot be established through a 

visual assessment of the top surface of and adjacent areas surrounding the pavement.  Non-

destructive testing can be used gather data without damaging the pavement.  A structural 

evaluation can be conducted on both a concrete pavement and a pavement which has already 

been overlaid with asphalt.   

 

2.2.1 Distress and Damage Survey 

A distress survey on an existing concrete pavement notes any visible distress, along with its 

location, quantity, and severity along the length of the pavement.  Numerous distress manuals 

exist to define the different distress types and how to rate their severity, such as the Long Term 

Pavement Performance (LTPP) (Shahin et al. 1976; Miller and Bellinger 2003) and Army Corps 

of Engineers (WSDOT 2004) distress manuals.  Additionally, different states have their own 

distress rating standards.  While the LTPP distress ratings are very detailed and intended for 

research purposes, the Army Corp pavement condition index (PCI) rating system is intended for 

pavement management.  In this system, a perfect pavement is assigned a value of 100.  The 

presence of distresses results in a lower PCI, depending on their type and severity.   

 

To conduct a manual distress survey, an inspector must walk the entire length of the pavement, 

measuring and recording distresses along the way (Figure 4).    
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Figure 4. At left, inspector conducting a manual distress survey; at right, van outfitted to 

conducted a video distress survey (from Al -Qadi et al. 2009) 

 

If the roadway carries a large amount of traffic, the section of pavement being evaluated may 

need to be closed (Hall et al. 2001).  Distress surveys may also be conducted via video using a 

van which has been outfitted to record an image of the pavement as it is driven over the roadway, 

as shown in Figure 4 at right.  An example of the visual documentation produced during a 

manual distress survey is given in Figure 5. 

 
Figure 5. Example of a distress survey (from Wen et al. 2005) 

 

A drainage survey is generally conducted in addition to a distress survey, as moisture is a 

frequent cause of damage in a pavement.  It is important to understand the drainage system of the 

pavement, because, if the current distresses are caused by the presence of moisture in the 

pavement due to drainage problems, and these problems are not corrected when the pavement is 

repaired, they will reemerge.   

 

The drainage survey involves walking along the length of the pavement while making visual 

assessments, so it can be conducted concurrent with the distress survey.  A drainage survey 

should note the geometric properties of the pavement which induce or impede drainage, such as 
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the topography, transverse slope, and adjacent ditches.  Additionally the condition of ditches and 

any drainage inlets or outlets and edge drains should also be noted (Hoerner et al. 2001).  In an 

advanced drainage survey, video equipment can be snaked down the drains to inspect their 

condition more thoroughly, as shown in Figure 6. 

 

 
Figure 6. Video equipment for an advanced driainage survey (from Christopher and 

McGuffey 1997) 

 

To present the data from both the drainage survey and the distress survey, results can be plotted 

on a diagram of the roadway.  A diagram of the severity of damage along the length of the road 

way in addition to the local drainage condition and traffic levels can give insight as to the causes 

of different distresses, as well as indicate locations in need of more testing or maintenance.  This 

information can also be used to refine the delineations of different pavement sections based on 

structural condition made in the preliminary investigation (Miller and Bellinger 2003). 

 

In addition, plotting pavement distress, as in Figure 5, is useful to show specific distresses and 

their locations.  However, to estimate the overall pavement condition for large-scale 

rehabilitation decisions, it is helpful to create strip charts.  Strip charts can be used to display the 

potential relations between traffic, drainage, and pavement condition. A sample strip chart 

showing pavement cracking is shown in Figure 7.   
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Figure 7. Example strip chart used to visual distress levels in different areas of a project 

(Smith et al. 2008) 

 

Superimposed on Figure 7 are the delineations between traffic levels and drainage conditions.  

Similar plots can be made for additional distresses or measurements such as faulting, deflections, 

sunken slabs, etc.  Plots can also be made showing functional characteristics such as roughness 

and friction as described in the following section.  In reviewing these charts, it will be readily 

apparent how to delineate areas of varying pavement condition and to locate potential subsequent 

rehabilitation strategies on a project level. 

 

 

2.2.2 Non-destructive testing 

After the drainage and distress surveys have been conducted, non-destructive testing (NDT) can 

be used to determine additional information about the pavement which cannot be found through 

visual means.  This information includes the elastic modulus of the concrete, the modulus of 

subgrade reaction, the presence of voids under the slab, and the load transfer efficiency.  

Conducting these tests along the length of the roadway can show the variation of these 

parameters in different locations.  This is important because it can influence the design of any 

repairs (Miller and Bellinger 2003).   

 

2.2.2.1 Falling Weight Deflectometer 

The main form of NDT used in structural evaluations of pavement is deflection testing, though 

other technologies can also be used. Deflection testing can be conducted using a variety of 

different devices, which differ in how they apply load to the pavement.  The most common 

device is the falling weight deflectometer (FWD), illustrated in Figure 8 and Figure 9, which 

applies an impulse load to the pavement to simulate a wheel load, and then measures the induced 

deflections at different distances from the point of the applied load. 
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Figure 8. Falling weight deflectometer (FWD) machine (from Hall et al. 2001) 

 

 
Figure 9. Close up of FWD load plate and deflection sensors (from Hall et al. 2001) 

 

From these deflection measurements, a deflection basin is created, which can be used to calculate 

many different parameters (Miller and Bellinger 2003).  A typical sensor arrangement is shown 

in Figure 10.  Deflections are generally measured at intervals raging between 100 and 500 feet 

(30 to 150 meters), depending on the project.  A pavement slab must be tested at a midslab 

location, at the middle of the longitudinal joint, and at a slab corner (the latter two in conjunction 

with the adjacent slab) to be able to fully characterize slab performance.  Measurements at the 
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center of the slab should be used to backcalculate the elastic moduli of the concrete and base 

layers and the coefficient of subgrade reaction.  A detailed procedure for the backcalculation of 

rigid pavements is discussed in Hall et al. (1997) and Khazanovich et al. (2001).  Test intervals 

and slab locations for FWD testing are illustrated in Figure 11. 

 

 
Figure 10. Diagram of typical FWD sensor and load locations (from Smith et al. 2008) 

 

 
Figure 11. Recommended location for deflection basing and load transfer efficiency testing 

with an FWD (from Smith et al. 2008). 

 

Backcalculation for AC overlays of PCC pavement is a more complex task.   Higher 

compressibility of the AC layer, especially directly under the FWD load, makes the 

backcalculation procedures for developed for rigid pavements inaccurate.  In some cases, 

backcalulation procedures developed for flexible pavements, such as WESDEF (Van Cauwelaert 

et al. 1989), MODULUS (Uzan et al. 1988), and MODCOMP (Irwin and Szebenyi 1991), but 

due to the presence of a stiff PCC layer they may necessarily lead to reliable results as well 

(Stubstad et al. 2006).  In addition, the backcalculation procedures developed for flexible 

pavements cannot be used to determine the coefficient of subgrade reaction, which is often 

required for subsequent structural evaluation analyses and rehabilitation procedures. 

 



TPF-5(149) Task Report 

Guidelines for AC-over-PCC 

14 

A neural-network-based backcalculation procedure for composite (AC/PCC) pavement systems, 

DIPLOBACK, was developed by Khazanovich and Roesler (1997).  The program is based on the 

forward analysis program, DIPLOBACK, which permits an analysis of the AC and PCC layers 

as compressible isotropic elastic layers and the subgrade using the Winkler foundation.   The 

program is an attractive alternative to the traditional backcalculation tools, but it has not been 

widely used by practitioners.  

 

Another approach for determination of the coefficient of sugrade reaction from the FWD 

deflections on composite pavements was proposed by Hall et al. (1997). It is based on the 

modification of the AREA method for rigid pavements (Ioanndides et al. 1985), but to eliminate 

the effect of compressibility of the AC layer it recommends ignoring deflections closer than 12 

in to the center of the load.  

 

If FWD testing is adopted for the evaluation of AC-PCC, precautions similar to those taken for 

rigid pavements should be followed. Testing should not be conducted in freezing conditions, or 

during the spring thaw, as the results will not be representative of year-round or more typical 

conditions (Miller and Bellinger 2003).  Slab curling in the existing PCC layer, particularly 

downward curl, can affect deflection testing results and testing must be conducted at times and 

temperatures which would minimize these effects (Khazanovich et al. 2004).   

 

For example, if the slab is curled in such a way that there is separation between the slab and the 

underlying layers, it is possible that that separation could be incorrectly detected as a void in the 

pavement.  However, if the test were conducted when the slab was flat and not curled, the ñvoidò 

would no longer be present.  Determining the location of voids with FWD is difficult and 

depends on time of day and how tight the dowels are situated in the concrete.  Upward curl is 

more prevalent at night, while downward curl is more common during the day.  However, the 

effects of other differential volume change mechanisms, such as built-in curl and moisture 

warping, will affect when the slab experiences a flat slab condition.   

 

Furthermore, testing at night will give good modulus of subgrade reaction numbers at mid-slab 

and good LTE results.  In addition, LTE increases with increasing slab temperature, until there is 

aggregate interlock, at which point there is 100 percent LTE.  If the same joints were tested just 

before the sun hits them in the morning, then the LTE might be extremely low (20 to 50 percent) 

as the slabs have contracted and the aggregate interlock is lost (Khazanovich and Gotlif 2003). 

 

2.2.2.2 Rolling Dynamic Deflectometer 

Another device used to measure deflections in the roadway is the rolling dynamic deflectometer 

(RDD), shown in Figure 12.  Though its use is currently limited to a few states, RDD has been 

closely studied and proposed as an alternative to FWD to obtain deflection measurements for 

pavement evaluation (Scullion 2006), as it allows a continuous trace of deflections that can be 

gathered much more quickly than FWD measurements. 
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Figure 12. Rolling Dynamic Deflectometer (RDD) (from Lee et al. 2004) 

   

The RDD is a specially outfitted truck which applies a cyclic load of fixed magnitude to the 

pavement as it travels along the road.  Four rolling geophones attached in front of and adjacent to 

the load (see Figure 13) measure deflections induced by the load as the entire assembly is in 

motion.  Typically the load has a magnitude of 10,000 lbs and is applied at a frequency of 30 Hz 

while the truck travels at 1.5 mph.   
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Figure 13. Locations of the load and sensors on the RDD (from Lee et al. 2004) 

 

The RDD is used to measure the subsurface support of the pavement and the load transfer 

efficiency between slabs.  The output of the RDD is average pavement deflections measured by 

the rolling geophones for each two-second time interval. The deflections from the sensor located 

between the loads (Sensor 1) are used to characterize the subgrade support while the difference 

in deflections from the sensor between the load (Sensor 1) and a sensor located away from the 

load (Sensor 3) can be used to calculate load transfer efficiency when the load is applied at a 

joint.  A sample output of RDD data is shown in Figure 14, which illustrates the ease of locating 

ñproblem areasò using graphically presented data.  With minimal training, it is possible to 

determine if the problem areas are indicative of low subgrade support, low load transfer 

efficiency, or both. 
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Figure 14. Sample RDD data identifying a ñproblem areaò (from Scullion 2006)  

 

While the RDD is a promising alternative to FWD in locating issues for a given on a roadway, it 

has a few limitations.  Traffic must be diverted around the RDD to accommodate its slow speed.  

Also, the data collection system requires updating and increased functionality and accessibility 

for the user.  Further study is required to determine how factors such as temperature will affect 

the deflections and the interpretation of results; however, RDD testing is another useful method 

for testing existing PCC prior to AC overlays. 

 

2.2.2.3 Ground Penetrating Radar 

In the last few decades, ground penetrating radar GPR has gone from being solely a QA/QC 

thickness verification device to being a widely used tool for forensic investigations and JPCP 

evaluations in addition to thickness detection    As part of a structural evaluation of a jointed 

plain concrete pavement, GPR can be used to detect voids beneath the slab, particularly if they 

are filled with water (Scullion 2006).  The GPR unit is shown in Figure 15.  GPR can also be 

used as part of a network wide database for pavement management.  In this case, info on 

pavement thickness and condition throughout a pavement network can be obtained using GPR 

and can be used to supplement as-built information (Harvey and Pyle 2009).   
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Figure 15. Vehicles equipped with ground penetrating radar (GPR) device (from Scullion 

2006 (top) and Kohler et al. 2005 (bottom))  

 

The van equipped with the GPR device (illustrated in both Figure 4 and Figure 15) travels along 

the roadway at highway speeds.  From the GPR device mounted on the front of the van, an 

electromagnetic wave is emitted into the pavement, and the wave which is reflected back is 

received.  These waves can penetrate up to 4.5 feet into the pavement structure, depending on the 

frequency of the signal.  Higher frequency waves are used to obtain information near the surface 

of the pavement while lower frequency waves can penetrate deeper (Kohler et al. 2005; Maser et 

al. 2011).  The waves are reflected differently at each interface between different materials in the 
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structure (Zhou and Scullion 2007).  Figure 16 briefly illustrates the signal interpretation 

underlying the assumptions made using GPR. 

 

 

 
Figure 16. Reflected waves to GPR sensor and interpretation of signal (from Scullion and 

Saarenketo 2002) 

 

The output of the GPR device must be processed in order to be easily interpreted.  This can be 

accomplished through the use of commercially developed programs for GPR use. An example of 

this output is provided in Figure 17, which illustrates the interpretation of the data, as would be 

made by a trained operator, indicating areas beneath the slab which may be water filled voids.   
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Figure 17. Example output of processed GPR data for pavement layer thickness analysis 

(from Maser et al. 2011) 

 

Data interpretation similar to that of Figure 17 can be used in the rehabilitation selection 

procedure to determine which rehabilitation techniques are appropriate and what pre-

rehabilitation repairs must be made.  For example, if a concrete pavement has underlying water 

filled voids and it is overlain with an AC overlay, the moisture could become trapped.  This 

moisture could then migrate up through cracks in the PCC and cause debonding between the 

PCC and AC, or lead to stripping of the AC (Zhou and Scullion, 2007).   

 

Because the interpretation of GPR is dependent on the experience of the operator, it is very 

important to verify the condition of areas which are suspected to be damaged.  Any areas of the 

pavement structure identified by the GPR as potentially containing water filled voids should be 

checked with pilot holes.  In some instances, saturated clay can appear as a water-filled void 

under the pavement.  One limitation of GPR is that it cannot detect small or thin voids (Zhou and 

Scullion 2007).  

2.2.3 Special considerations for existing AC-PCC pavement 

The structural evaluation of asphalt overlaid concrete pavements proceeds in much the same 

manner as the structural evaluation of regular concrete pavements.  For the majority of AC-PCC, 

the pavement derives most of its strength from the PCC layer, however the asphalt overlay 

prevents a visual inspection of the structurally significant concrete layer.  The condition of the 

asphalt can be indicative of the condition of the underlying concrete, as many distresses will 

propagate through (Miller and Bellinger 2003). In Figure 18, structural failure of the underlying 

concrete is suggested by observed cracking in the AC overlay.   
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Figure 18. Structural failure of the underlying concrete layer appears as a crack in the AC 

overlay (from Rao et al. 2011) 

 

Therefore, the visual distress survey is still of great importance for a concrete pavement with an 

asphalt overlay.   

 

Drainage concerns remain unchanged from those of a regular concrete pavement, and the 

drainage survey must also be conducted.  Certain types of testing, however, such as the back-

calculation algorithms used in conjunction with deflection basin data obtained from FWD 

testing, are not compatible with pavements with asphalt overlays.  As discussed earlier, the 

backcalculation procedure for AC-PCC is a more complex task due to the compressibility of the 

AC layer; for these specific cases, the reader is referred to the literature discussed in Section 

2.2.2.3. 

 

GPR can also be used in the structural evaluation of composite pavements to determine the 

thickness of the AC layer and to identify possible defects within the AC (Zhou and Scullion 

2006).  It can also be used to find water filled voids beneath the PCC, as was discussed above, 

and to differentiate between reflective cracks and transverse cracks (Al-Qadi et al. 2009). 

 

2.3 Functional Evaluation 

The functional evaluation serves to determine the functionality of the pavement rather than its 

structural integrity.  A pavement that is structurally sound may not be functional if the rider 

experience is impaired by non-structural deficiencies of the pavement.  The three major areas on 

which the functional evaluation of an existing pavement focuses are friction, roughness, and 

noise.  

 

Friction on the surface of the pavement is important to ensure the safety of travelers.  Without 

adequate friction for pavement/tire interaction, a vehicle may be unable to stop quickly enough 
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when needed to prevent an accident, especially in wet conditions.  The surface texture of the 

pavement determines the friction provided.  There are four main types of surface texture: 

microtexture, macrotexture, megatexture, and roughness.  As illustrated in Figure 19, these 

texture categories are differentiated based on the depth and frequency (wavelength) of the actual 

surface texture (Caltrans 2007).   

 

 
Figure 19. Surface texture categories (from ACPA 2006b). 

 

The differences between microtexture and macrotexture are shown in Figure 20.  Microtexture is 

inherently present in the concrete pavement due to the presence of fine aggregate, while 

macrotexture is the result of construction finishing techniques such as tining, dragging, grinding, 

grooving, or brushing.   Both micro and macrotexture help to provide the surface friction needed 

for breaking.  Macrotexture is also crucial to controlling splash and spray and preventing 

hydroplaning.  Although megatexture and roughness are a result of surface defects and are not 

texture options considered in design, they contribute to the texture of the pavement and influence 

pavement-vehicle interaction (Caltrans 2007).   
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Figure 20. Differences between micro and macrotexture on concrete pavement (from Ongel 

et al. 2007) 

 

During the functional evaluation of an existing pavement, the friction of the pavement is 

measured to ensure that there is adequate surface texture to provide sufficient friction for 

breaking and to minimize hydroplaning and splash and spray (Caltrans 2007).  The friction of a 

pavement can be tested using a variety of devices, such as locked wheel, side force, fixed slip, 

and variable slip testers.  Each of these devices test different aspects of the pavement friction, 

and simulate different vehicle actions.  The friction of a pavement is measured at different 

locations along the project, generally in uniform intervals.  While skid resistance is a general 

concern for the entire pavement, some tests should be conducted at any sharp turns on the 

roadway.  The results of a friction test can indicate whether or not a surface needs to have more 

friction for safety purposes.   While some state DOTs have programs with regular, network-level 

friction management, friction tests are generally not conducted unless it is suspected that there is 

a lack of friction on the roadway (Miller and Bellinger 2003). 

 

If friction testing is deemed necessary, testing is conducted using full scale tires mounted on a 

trailer and locked in place, as shown in Figure 21.   
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Figure 21. Friction testing trailer (from Hall et al. 2001) 

 

The trailer sprays water on the pavement in front of the test tires.  The result of a friction test is 

the skid number, a commonly cited parameter for pavement friction that is equal to 100 times the 

measured coefficient of friction (Hall et al. 2001).   

 

Roughness of a pavement is due to surface irregularities.  These irregularities can either be built 

into the pavement during construction or can be due to different pavement distresses.  In 

evaluation, the only irregularities of concern are those of sufficient magnitude as to affect ride 

quality or drainage.  Roughness is generally measured in terms of the International Roughness 

Index (IRI), though other indices can also be used.  The lower the value of IRI, the smoother the 

pavement is considered to be.  The IRI of a pavement can help to determine if the pavement has 

a ride quality low enough to require repair.  One important use of roughness measurements in 

overlay applications is to assess the effectiveness of the asphalt overlay.  This can be 

accomplished by comparing the roughness before and after the overlay is installed (NCHRP 

2004b).  

 

A rudimentary roughness test can be conducted by simply driving over the road.  From this, the 

relative roughness can be evaluated in terms of gross categories such as very rough, moderately 

rough, smooth, etc.  Additionally, by observing if the roughness correlates to driving over a 

distress such as a transverse crack, the cause of the roughness can be surmised.  Often, pavement 

management data collection systems include a camera mounted on the vehicle records a video of 

the road surface which can be used to more closely see distresses ï the use of a camera for a 

video assessment was illustrated earlier in Figure 4. 

 

A more detailed roughness test can be conducted using various vehicle mounted devices known 

as Inertial Reference (IR) profilers, shown in Figure 22.  Data collected from IRI profilers can be 

analyzed to determine the IRI of the pavement.  One popular software tool for this analysis is the 

FHWAôs Pavement Profile Viewer and Analyzer (ProVAL).  ProVAL allows users to view and 

profile a pavement given profile data; this analysis is not limited to IRI and includes ride indexes 

such as the Mean Roughness Index (MRI) and Ride Number (RN). 
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Figure 22. Examples of vehicles attached with profilometers for IRI assessments (from 

MnROAD 2008) 

 

The noise level of a pavement can adversely affect those traveling in a vehicle, or people 

alongside a roadway, particularly residents of areas adjacent to roads with high traffic volumes 

and high speeds.  Contact between vehicle tires and the pavement is a major source of noise 

emanating from a road.  Factors affecting the loudness of a vehicle driving across a pavement 

include the tires themselves, and voids or joints in the pavement, and the surface texture of the 

pavement.  Pavement noise can be measured as illustrated in Figure 23 by positioning a 

microphone near the roadway and measuring the decibel level due to the traffic, in this case 

using a trailer with microphones in it called the close proximity (CPX) method, which is widely 

used in Europe.  Microphones can also be placed at the shoulder of the road and noise measured 

called a pass-by measurement.  Pass-by measurements can be done for individual vehicles, or for 

a set of vehicles which is referred to as a Statistical Pass-By measurement (SPB) (Knuttgen 

2008).  Pavement noise may also be measured directly at the tire/pavement interface using the 

OBSI (On Board Sound Intensity) method (Donavan and Lodico 2009). 

 

  
Figure 23. At left, t railer housing a microphone used to measure noise due to tire pavement 

interaction (from Hanson et al. 2004); at right, OBSI data collection using wheel-mounted 

probe (from Donavan and Lodico 2009) 

 

The factors measured in the functional evaluation of the pavement do not indicate the structural 

capacity or condition of the pavement.  However, they are important for safety and user comfort.  

Generally, these items can be used to determine if repairs or maintenance is needed, and by 




























































































































































































