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ABSTRACT  

This study examined the long term performance and life span of high RAP (> 30%) 

mixture designs used on higher tonnage (>5000 tons) projects.  Pavement performance was 

compared between mixtures containing high RAP percentages and mixtures containing no RAP 

from the time period 1991-1999.    

All of the pavements analyzed contained a lower structural layer that contained RAP and 

an upper layer that contained either an open graded or dense-graded non-RAP friction course.   

Several databases were consulted to obtain the necessary information regarding 

tonnage, mixture designs, percent RAP, project information, traffic volumes, pavement 

performance, and life-span.   

A trend showing decreased age to deficiency as the percent RAP increases was evident 

when examining the data without accounting for the volume of traffic.  When accounting for 

traffic volume and isolating projects > 5000 tons, there is a trend showing decreasing 

performance with increasing amounts of RAP.  However, in the range analyzed (30-50 %RAP) all 

mixtures containing RAP performed better than the mixtures containing no RAP. 

When considering the type of non-RAP friction course placed over the RAP mixtures, as 

the amount of RAP increased, pavement performance decreased at the same rate regardless of 

the type of friction course.   Although this trend may be correct, the implication that RAP 

mixtures overlaid with an open graded friction course have a longer life-span than RAP mixtures 

overlaid with a dense-graded friction course may not be correctly reflected in this data set.  
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INTRODUCTION 

The use of Reclaimed Asphalt Pavement (RAP) has received significant attention nationally in 

the last few years.  In 2007, the Federal Highway Administration (FHWA) created the RAP 

Expert Task Group (ETG) to advance the use of recycled materials (1).  In cooperation with the 

American Association of State Highway and Transportation Officials (AASHTO), the RAP ETG 

conducts a survey every 2 years.  In 2007, the reported national average RAP content being 

used in asphalt pavements was 12 percent, increasing only to about 15 percent by 2010 (2).  In 

2009, 23 states claimed experience with high RAP mixtures and many of the states continued to 

increase the amount of RAP permitted within their asphalt mixtures.  Even though by 2011, 

more than 40 states allowed greater than 30 percent RAP use in their asphalt mixtures, only 

11states reported actually using more than 25 percent RAP consistently.  

In the past, the use of RAP has demonstrated a performance quality comparable to that of non-

RAP hot mix asphalt (HMA) (3-11).  With the increase in raw material prices and for 

environmental reasons, there is a demand to use more recycled materials.  The use of more 

RAP in asphalt pavements is a potential cost savings and an environmentally friendly technique 

to address these issues.  However, despite the success rate of these mixtures, the perception 

that mixtures containing these recycled materials have inferior performance still persists (3).    

The innovation by Robert Mendenhall to the use of RAP in asphalt pavements in the 1970’s, 

was the start to a worldwide acceptance asphalt recycling (14).  The Florida Department of 

Transportation (FDOT) had its first RAP project in 1977, where it was used to construct an 
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asphalt base (14). Through industry’s continued interest and national improvement of the 

process (15) the FDOT started using RAP routinely in 1980.   

Due to its seemingly favorable history, long-term performance of RAP pavements has not been 

well documented over the years (4).   However, the Strategic Highway Research Program 

performed a 20 year study which monitored in-service pavements across North America.  Now 

managed by the FHWA, the Long Term Pavement Performance (LTPP) program contains a large 

amount of performance data for 18 pavements in the U.S. and Canada.   Several researchers 

have accessed this data to study different aspects of RAP performance (3, 5, 7-9).  Hong, et al. 

was able to access data for five Texas sections using 35% RAP, which were monitored over a 16 

year period (8). Similarly CALTRANS was able to analyze 47 RAP sections using 15 % RAP in 

several different environmental zones across the state (9).   All reports have shown the RAP 

mixtures' performance to be equal to or not statistically different than the non-RAP asphalt 

mixtures.    

Performance of mixtures containing 10-25% RAP that were paired with non-RAP control 

sections as well as several other non-paired projects from Georgia were evaluated by NCAT in 

1995 showing no statistical differences between the non-RAP mixtures and the RAP mixtures 

within the first 2.5 years of service (10).  Al-Qadi, et al. along with the Illinois Center for 

Transportation conducted a similar analysis of data from Illinois examining RAP contents from 

10-50% (11).  Visual inspection over 3 years of service showed no significant difference.   

A experiment was conducted at the NCAT Test Track in 2006 to evaluate high percentage 

(>25%) RAP surface mixtures for constructability and performance (16).  Four test sections 
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containing 45% RAP were compared to control sections containing no RAP or 20% RAP.   

Constructability issues appeared in the 45% RAP sections and appeared to be binder influenced.  

Even with an additive to aid compaction, the 45% RAP and PG 76-22 binder section required the 

most compaction effort.  With respect to performance, all the sections performed favorably in 

both the laboratory and field in terms of rutting and cracking.   

Initially, RAP was used in the pavement base and underlying structural layers.  Unfortunately, 

long-term performance is typically based on the pavement surface condition and visual 

observation of the, then non-RAP, friction courses (4).  Today, nearly all of FDOT’s structural 

and dense-graded friction course mixtures contain RAP.  The only mixtures where RAP is 

currently not permissible are open-graded friction course mixtures.   

In 2010, FDOT placed 4,340,909 tons of hot mix asphalt of which 3,481,909 tons contained RAP 

material.  For those mixtures containing RAP the average RAP content was 20%.  In Florida, the 

Marshall mixture design method was used to design asphalt mixtures until the late 1990’s, 

when the FDOT switched to the Superpave mixture design method.  Due to the limited long-

term performance data of the Superpave mixtures, this study focused on Marshall designed 

mixtures constructed from 1991-1999.  Projects constructed prior to 1991 were excluded from 

this analysis due to the poor quality of available construction data.  A follow-up study will be 

conducted on Superpave designed mixtures. 

The purpose of this study is to examine the long term performance and life span of high RAP (> 

30%) mixture designs used on higher tonnage (>5000 tons) projects. The reason for only 

including RAP mixtures with >30% RAP is to ascertain the affects of RAP on the performance 
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(cracking, ride, and rutting) of asphalt pavements.  Smaller percentages of RAP have been 

assumed not to affect pavement performance significantly.   

Pavement performance will be compared between mixtures containing high RAP percentages 

and mixtures containing no RAP from the same time period (1991-1999).   The mixtures 

containing no RAP will serve as the baseline for pavement performance for which the high RAP 

mixtures will be compared.    

DATABASES 

Multiple databases were referenced in order to compile the construction and performance data 

for each mixture design and project.  FDOT maintains extensive mixture design records, 

including test results used for the approval of the mixture for use on DOT projects, changes or 

revisions to the design, and the history of a design (design transfers).  The mixture designs also 

provide general information about the material used, such as, the source of the aggregate or 

RAP material, the blend percentages for each component, specific gravities of each material 

and the type and amount of asphalt binder (Figure A1).  

Construction reports were referenced to confirm the use of hot mix asphalt and the mixture 

design used for each project.  During the timeframe of these projects, FDOT limited the use of 

RAP to the structural course.  Even though the friction courses, both dense-graded and open-

graded, did not contain RAP, they were also identified from the construction reports for later 

reference (Figure A2 and A3). 

Once the project Financial Identification Number (FIN) was identified, the Financial Project 

Management database provided much of the basic contract document information, such as the 
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location of the project (District, county, state road, and milepost limits), the important dates of 

execution (contract executed, under construction, and construction complete dates), the 

Contractor, and the type of work being performed (Figure A4). 

FDOT’s Pavement Management Office maintains a large database of projects with associated 

mixture designs and tonnage.  Only mixture designs with > 5000 tons were selected for further 

investigation to assure that projects of substantial size were analyzed (Figure A2).  The 

Pavement Condition Survey (PCS) data was queried within the original project limits to 

determine the life span of the pavement.  Since cracking is the number one distress for 

Department maintained asphalt pavements, the first year of a deficient crack rating was the 

criterion used to determine the life span of the constructed pavement (Figure A5 and A6).  The 

majority of the pavements used in this analysis have already been resurfaced; therefore the 

history of each current pavement limits was reviewed.  This task proved to be challenging since 

the resurfacing limits for each project change from resurfacing to resurfacing due to the 

variable performance of each section of the pavement. 

Additional information from the PCS data included estimated future work (work program), the 

date and work mix of previous construction, percent trucks and Average Annual Daily Traffic 

(AADT) of each roadway selection (Figure A7).   

DATA COLLECTION  

Two methodologies were used to analyze the data: 1) Mix Design Search and 2) Tonnage 

Search. 
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Mix Design Search Methodology 

This approach was basic in nature.  A list of Marshall Mixture Designs with high RAP and their 

corresponding projects were identified.  From this list, the District, dates of construction and 

performance data were collected.  This approach is shown in Figure 1. 

 

 
 

Figure 1 - Mix Design Search Methodology  

 
Tonnage Search Methodology 

The initial data search indentified the importance of many items missing in the data sets. 

Therefore, the data collection methodology was revised to include tonnage, non-RAP mixtures, 

the associated friction course for each mixture, and the percent of the AADT that was truck 

traffic (AADTT).  A minimum tonnage requirement of 5000 tons of produced hot mix asphalt 

was the first criterion used for the selection of mixture designs.  If the mixture design was used 
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on multiple projects, the project with the highest tonnage for that mixture design was selected.  

A similar search and analysis of non-RAP mixtures was used for a baseline comparison of life 

span and performance.  Additionally, the friction course data on each project was analyzed to 

determine if there was a correlation between the performance of the underlying RAP mixture 

and its corresponding friction course type (open graded or dense-graded).  This approach is 

shown in Figure 2. 

 

 
Figure 2 - Tonnage Search Methodology  

DATA ANALYSIS 

All of the pavements analyzed contained a lower structural layer that contained RAP and an 

upper layer that contained a non-RAP friction course.  The reported crack rating in the PCS 

database is based on visual inspection of the surface layer.  The depths of the cracks are 

unknown, as is the origination of the cracks (top-down or bottom-up).  Therefore, it is not 
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possible to isolate the performance of the underlying RAP structural layer. As a result, 

performance of the structural layer containing RAP is inferred based on the performance of the 

entire pavement structure. 

Using the data collected in the mix design search methodology, the age was determined 

for each project.   The data for various categories of percent RAP (30, 35, 40, and 45%) and the 

average age for each percentage were plotted and are shown in Figure 3.  This data is not 

filtered based on size of project (tonnage) or traffic volume.   

  

Figure 3 - Age Prior to Resurfacing vs. Percent RAP 

 
Figure 3 identifies a trend showing decreased age to deficiency as the percent RAP 

increases.  However, the data shown in  Figure 3 does not account for the volume of traffic each 

pavement was exposed to.   
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To ascertain the affects of truck traffic, the age was normalized by truck traffic [AADTT * 

Age (yrs) * 365(days/yr)] and plotted against the percent RAP as shown in Figure 4.  Projects 

included in this analysis had an added criterion of > 5000 tons of produced hot mix asphalt. 

 

 

Figure 4 – Total Truck Traffic vs. Percent RAP 

 
Two points of interest are identified in Figure 4.  There is a trend showing decreasing 

performance with increasing amounts of RAP.  However, in the range analyzed (30-50 %RAP) all 

mixtures containing RAP performed better than the mixtures containing no RAP. 

Relationship between Friction Course Type and Percent RAP in Structural Course 

Friction course types analyzed were open graded and dense-graded mixtures.  Within each 

type, the following mixture designations existed.   
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 Open graded: FC-2 with ground tire rubber (GTR)  

 Dense-graded: FC-3 with GTR  

Other friction course types not analyzed due to lack of data points include FC-1, FC-2 with latex 

additive and FC-3 with latex additive. 

 The age of pavement vs. percent RAP for pavement with open graded friction courses is 

shown in Figure 5.  

 
Figure 5 – Total truck traffic * age (yrs) vs. percent RAP filtered by their corresponding friction 

course.   

 

 Data presented in Figure 5 indicates RAP mixtures overlaid with non-RAP open graded 

friction course mixtures decrease in performance with increasing percentages of RAP at the 

same rate as RAP mixtures overlaid with non-RAP dense-graded friction course mixtures. 
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Additionally, the data indicates that RAP mixtures overlaid with non-RAP open graded friction 

course mixtures have a longer loading capacity than RAP mixtures overlaid with non-RAP dense-

graded friction course mixtures.   

The average age in which the open graded friction courses become deficient is 11.2 years.  This 

is in close agreement with our Pavement Management Office's reported performance of 

Florida's open graded friction courses in general.  However, for dense-graded friction courses, 

the average age to deficiency was 10.7 years.  This does not agree with reported performance, 

which typically averages 14 years before becoming deficient.  The trend of the decreased 

performance with increased amounts of RAP may be correct, but due to the lack of sufficient 

data points for the dense-graded friction course mixtures, the relationship between the open 

graded and dense-graded friction course performance may not be correctly reflected in this 

data set.   

CONCLUSIONS  

The following conclusions were derived from the findings of this analysis: 

1. A trend showing decreased age to deficiency as the percent RAP increases was evident 

when examining the data without accounting for the volume of traffic.   

2. When accounting for traffic volume, there is a trend showing decreasing performance 

with increasing amounts of RAP.  However, in the range analyzed (30-50 %RAP) all 

mixtures containing RAP performed better than the mixtures containing no RAP. 

3. When considering the type of non-RAP friction course (open graded or dense-graded) 

placed over the RAP mixtures, as the amount of RAP increased, pavement performance 
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decreased at the same rate regardless of the type of friction course.   Additionally, the 

data indicates that RAP mixtures overlaid with open graded friction course mixtures 

have longer life-spans than RAP mixtures overlaid with dense-graded friction course 

mixtures.  Although the trend of the decreased performance with increased amounts of 

RAP may be correct; the implication that RAP mixtures overlaid with an open graded 

friction course have a longer life-span than RAP mixtures overlaid with a dense-graded 

friction course may not be correctly reflected in this data set.   

RECOMMENDATIONS 

Based on the results of this analysis, the following recommendations are made: 

1. Since this study analyzed data for mixtures designed with the Marshall Mix Design 

System, it is recommended to perform a similar study using mixtures designed with the 

Superpave Mix Design System.   

2. A study involving RAP mixtures in the surface course should be undertaken to more 

directly determine the relationship between percent RAP and pavement performance. 

3. A follow-up study should include a more detailed monitoring of the pavement 

performance in addition to the annual PCS rating for the pavement’s life-span.   
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APPENDIX A 

 

 

Figure A1.  Marshall Mixture Design  
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Figure A2.  Mix Designs and Associated Tonnage Produced as Displayed Through the 
Pavement Management Database 

 

 

Figure A3.  Construction Reports Correlating to Hot Mix Asphalt Production (Material 120A) 
and the Associated Project ID, Tons Placed and Mix Design 
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Figure A4.  Financial Project Information Search 
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Figure A5.  Pavement Condition Survey Database 
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Figure A6a.  Pavement Condition Survey Data – graphical representation of the pavement 
performance for a segment of the roadway 
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Figure A6b.  Pavement Condition Survey Data – Table of Survey Ratings for a segment of the 
pavement of interest 
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