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1.0 Identification 

1.1 Organizations Sponsoring Research 

Oregon Department of Transportation (ODOT) 
Planning and Research Unit 
200 Hawthorne SE, Suite B-240 
Salem, OR  97301-5192   Phone: (503) 986-2700 
 
Federal Highway Administration (FHWA) 
Washington, D.C.  20590 
 

1.2 Principal Investigator(s) 

Todd V. Scholz, Ph.D., P.E. 
School of Civil and Construction Engineering 
Oregon State University 
Corvallis, Oregon 97331-2302  Phone: (541) 737-2056 
 

1.3 Technical Advisory Committee (TAC) Members 

Cole Mullis, Oregon Department of Transportation 
Larry Ilg, Oregon Department of Transportation 
René Renteria, Oregon Department of Transportation 
Norris Shippen, Oregon Department of Transportation 
Anthony Boesen, Federal Highway Administration 
Gary Thompson, Asphalt Pavement Association of Oregon 
Kevin Brophy, Oregon Department of Transportation 
Greg Bolt, ABC Roofing Co.  
Dave Vogt, Hooker Creek 
 

1.4 Project Champion 

Elizabeth Hunt, Oregon Department of Transportation 
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2.0 Problem Statement 

Oregon currently allows up to 30% recycled asphalt pavement (RAP) by weight to be used in hot 
mixed asphalt concrete (HMAC).  While not in current practice at ODOT, the use of blending 
charts for RAP proportions greater than 15% by weight is recommended to: a) establish the 
maximum RAP proportion so that the virgin binder properties are not adversely affected; or b) 
adjust the grade of the virgin binder so that the blended binder possesses the desired properties.   
 
ODOT has also been approached about allowing the use of recycled asphalt shingles (RAS) in 
HMAC.  The two principal sources of recycled asphalt shingles include manufacturer waste 
(which is in limited supply in Oregon), and post-consumer waste arising from removal of old 
shingles from roofs (which are commonly referred to as tear-off shingles, and are in abundant 
supply in Oregon).  Irrespective of the source, RAS contains asphalt binder that is substantially 
stiffer than that used in HMAC in Oregon; hence, inclusion of RAS in HMAC could 
significantly impact the properties of the blended asphalt binder. 
 
A preliminary investigation is currently underway at ODOT and Oregon State University to 
investigate how varying percentages of added RAP with a single percentage of added RAS 
impact the blended binder properties.  Additional research is needed to extend the preliminary 
investigation to include a wider range of percentages of RAP and RAS, to develop a design 
process for selecting the virgin binder grade based on the varying proportions of RAP and RAS, 
and to investigate how inclusion of RAP and RAS affects the mix design process for HMAC that 
include these materials.  In addition, significant difficulties with regard to recovering the asphalt 
binder from shingles were encountered in the preliminary investigation; hence, additional work 
is needed to identify or develop an effective and efficient procedure for doing so. 
 
A key issue concerning the design, manufacture, and acceptance of HMAC mixtures (with or 
without RAP and/or RAS) is accurately determining the content of the asphalt binder in the 
mixture.  ODOT currently uses calibrated ignition ovens (incinerators) for determining asphalt 
binder content of HMAC for mix design verification purposes as well as for both quality control 
(QC) and quality assurance (QA) purposes.  However, over the past few years ODOT has been 
experiencing an increasing number of issues in validating the contractor’s test results for the 
asphalt binder content of mixtures containing RAP.  Binder contents derived from QC/QA 
testing are used to determine pay quantities, payment for asphalt binder escalation, and price 
adjustments based on the ODOT statistical analysis processes.  Accurate determination of the 
asphalt binder content (which requires an accurate determination of the calibration factor for a 
particular mixture and a particular ignition oven) is therefore essential for determining 
appropriate pay quantities and payment for asphalt binder in HMAC. 
 
 
3.0 Objectives of the Study 

The objectives of this research effort are to develop recommendations for: 

1. A design process for selecting the grade of virgin asphalt binder for HMAC mixtures 
containing RAP or RAS, or combinations of RAP and RAS, such that the blended binder 
meets the design grade for the mixture; 
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2. A procedure for effectively and efficiently recovering asphalt binder from recycled 
asphalt shingles; 

3. A procedure for batching virgin materials (binder and aggregate) with RAP or RAS, or 
combinations of RAP and RAS, for mix design purposes and ignition oven tests; 

4. A procedure for determining ignition oven calibration factors for HMAC mixtures 
containing RAP and/or RAS; 

5. QC/QA test procedures for mixtures incorporating RAP or RAS, or combinations of RAP 
and RAS, as well as independent assurance parameters associated with determining 
asphalt binder content based on incineration (ignition oven tests); and 

The recommendations will be incorporated in a field pilot study that will evaluate the 
procedures when RAP and RAS are used in HMAC.   

 
 
3.1 Benefits 

The design process (i.e., blending charts or new procedure) will potentially allow an increase in 
the percentage of RAP, as well as the introduction of the use of RAS, in HMAC mixtures, 
thereby reducing the demand for virgin asphalt binder through reuse of a non-renewable 
resource.  With sufficient quantities of RAP and/or RAS reduced cost of HMAC is likely.  
Adopting the new procedures in the mix design process as well as the new procedures for 
QC/QA testing will ensure that the desired properties of the blended asphalt binders are achieved 
so as to ensure acceptable long-term performance of HMAC mixtures that incorporate RAP 
and/or RAS. 
 
The benefits to be derived from the work involving the ignition oven (incinerator) calibration 
factors include an improved (more accurate) determination of the binder content and material 
quality of HMAC mixtures incorporating RAP and/or RAS.  This will allow better decisions in 
the field regarding mixture adjustments and material quality as well as allow ODOT to more 
accurately determine pay quantities, adjustments for asphalt binder escalation, and price 
adjustments.  Implementation of the results could potentially result in savings in maintenance 
costs by virtue of placing HMAC mixtures more accurately designed to meet the expected traffic 
and environmental factors where RAP and/or RAS on are incorporated in paving projects. 
 
 
4.0 Implementation 

The recommended procedures will be utilized in the design and QC/QA processes for HMAC 
mixtures that incorporate RAP and/or RAS.  They will also be used to determine more accurate 
pay quantities and price adjustments. 
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5.0 Research Tasks 

Task 1 – Literature Review: Published literature will be reviewed and agency procedures will 
be investigated to: 

a. Determine the state-of-the-practice regarding procedures for selecting virgin asphalt 
binder grades based on RAP and/or RAS proportions; 

b. Effectively and efficiently determine how to recover asphalt binder from recycled asphalt 
shingles; 

c. Establish how inclusion of RAP and RAS impacts the mix design process; 

d. Determine the current state-of-the-practice for calibrating ignition ovens for determining 
asphalt binder content with emphasis on protocols specific to mixtures containing RAP 
and/or RAS; 

e. Determine the state-of-the-practice regarding QC/QA testing procedures for mixtures 
containing RAP and/or RAS; and 

f. Investigate whether or not fractionating RAP into more than one stockpile improves the 
quality of HMA mixtures incorporating RAP. 

 
Time Frame: 3 months 
Responsible Party: OSU 
Cost: $14,391 
Deliverable: Synthesis of literature review 
TAC Decision/Action: Review of synthesis 
 
Task 2 – Preliminary Procedures: Based on the findings from the literature review (Task 1), a 
set of preliminary procedures (or modifications to existing ODOT procedures) will be developed 
to: 

a. Select the virgin binder grade for HMAC mixtures that will contain RAP and/or RAS; 

b. Recover asphalt binder from recycled asphalt shingles; 

c. Batch virgin materials (binder and aggregate) with RAP and/or RAS for mix design 
purposes and ignition oven tests; 

d. Determine ignition oven calibration factors for HMAC mixtures containing RAP and/or 
RAS; 

e. Conduct QC/QA testing on HMAC mixtures containing RAP and/or RAS. 

 
Time Frame: 2 months 
Responsible Party: OSU 
Cost: $6,141 
Deliverable: Preliminary procedures 
TAC Decision/Action: Comments on procedures 
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Task 3 – Experiment Plan: An experiment plan for laboratory studies will be developed to: 

a. Utilize and test the efficacy of the preliminary procedure for selecting the virgin binder 
grade for a range of RAP and RAS contents, as well as to gather requisite information to 
allow modifications to the preliminary procedure (if warranted).  It is envisioned that this 
will involve using the preliminary procedure to select the “design” virgin binder grade 
(which will likely require a mix design for each combination of materials), batch and mix 
HMAC mixtures with various RAP and RAS proportions, and recover and grade the 
blended binder. 

b. Investigate how the use of RAP and/or RAS in HMAC mixtures affects the mix design 
process. It is envisioned that this will involve batching, mixing, and compacting HMAC 
mixtures, and then determining the volumetric properties necessary for mix design 
purposes (e.g., mixture specific gravities, effective binder content, voids in mineral 
aggregate, voids filled with asphalt, etc.) and comparing these with those of mixtures 
without RAP or RAS.  The same combinations of mixtures as that used for Part a. 
(above) will be used in the plan for this work. 

c. Determine the ignition oven calibration factors for HMAC mixtures containing RAP and 
RAS.  It is envisioned that this will involve a rigorous investigation of mixtures at 
varying proportions of RAP and RAS following the preliminary procedure (e.g., 
modified ODOT T323 or similar procedure) developed in Task 2.  Other variables to 
consider in developing the experiment plan include number and type of ovens, number of 
aggregate types and gradations, and number of binder sources.  The same combinations 
of mixtures as that used for Parts a. and b. (above) will be used in the plan for this work.  

Insofar as practical, multiple combinations of RAP and RAS proportions will be included 
in the experiment plan.  Initial thoughts are to include recycled materials (RAP plus 
RAS) contents up to 50% by weight, but limit the RAS content to a maximum of 5% by 
weight in all but two of the combinations.  Table 1 indicates one possible experiment 
design, where X represents the requisite number of specimens to satisfy Parts a., b. and c. 
(above), and R represents replicate specimens to establish an estimate of variance for 
statistical comparison purposes.  The actual experiment design for the lab work may be 
different from that shown below depending on findings from the literature review and 
input from the TAC. 
 

It should be noted that the preliminary experiment design indicates virgin binder grades 
identified as “West” and “East” to represent grades currently used by ODOT on the west side 
and east side of the Cascade Mountains (e.g., PG64-28 and PG70-28, respectively).  Final 
decision of the virgin binder grades will be made following completion of the literature review 
(Task 1). 
 
In addition to the above plan for the laboratory studies, a plan will be developed to evaluate an 
HMAC mixture with RAP and RAS placed during a pilot study.  The proposed preliminary 
procedures for QC/QA testing will be utilized during construction (if possible) and a sufficient 
quantity of materials will be sampled from the project to conduct mix design verification. 
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Table 1 – Draft Experiment Design for the Laboratory Study 
 

 
 
Time Frame: 1 month 
Responsible Party: OSU 
Cost: $2,954 
Deliverable: Presentation of experiment plan at TAC meeting 
TAC Decision/Action: TAC meeting/Approval of experiment plan  
 
Task 4 – Laboratory Study: Conduct laboratory testing and analyses as per the experiment plan 
developed under Task 3.  It is anticipated that this will entail a substantial amount of the lab 
work involving mix designs, binder extractions, rheological testing to determine binder grades 
(i.e., DSR and BBR testing), tests to determine volumetric properties of mixtures, and ignition 
oven tests. 
 
Time Frame: 9 months 
Responsible Party: OSU 
Cost: $178,100 
Deliverable: Summary of lab test results and analyses at TAC meeting 
TAC Decision/Action: TAC meeting 
 
Task 5 – Pilot Study Evaluation: Evaluate the QC/QA methods used during the construction of 
the HMAC pavement containing RAP and RAS.  Collect materials and conduct mix design 
verification (MDV).  Use the ignition oven calibration procedure during the MDV.  It is 
envisioned to conduct this work during the 2010 construction season via change order to an 
existing contract, but given the amount of work required before this task can be conducted, it 
may occur during the 2011 construction season. 
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Time Frame: 2 months (targeted during the 2010 construction season) 
Responsible Party: OSU/ODOT 
Cost: $11,048 
Deliverable: Findings from the evaluation 
TAC Decision/Action: Review findings 
 
Task 6 – Develop Recommended Procedures: Modify or finalize the preliminary procedures, 
or recommend new procedures, based on the findings from the lab work.  These will be 
developed in the style of ODOT test methods such that they can be readily incorporated into the 
Manual of Field Testing Procedures.  In addition, recommendations for modifications to the 
ODOT standard specifications will be provided to explicitly account for the grade of the virgin 
asphalt binder and the quantity of binder (i.e., virgin binder, RAP binder, and RAS binder) 
contained in the mixture. 
 
Time Frame: 1 month 
Responsible Party: OSU 
Cost: $2,969 
Deliverable: Recommended procedures 
TAC Decision/Action: Review of recommended procedures 
 
Task 7 – Report: A final report will be developed to document the efforts undertaken to 
accomplish Tasks 1-5.  A preliminary outline of the report is as follows: 
 
1.0 Introduction 
2.0 Literature Review 
3.0 Preliminary Procedures 
4.0 Experiment Plan 
5.0 Laboratory Studies 
6.0 Pilot Study 
7.0 Recommended Procedures 
8.0 Conclusions and Recommendations 
 
Time Frame: 3 months 
Responsible Party: OSU 
Cost: $9,397 
Deliverable: Final report 
TAC Decision/Action: Review of final report/TAC meeting 
 
6.0 Time Schedule 

The proposed schedule for this project is shown in the Figure 1.  As indicated, it has a proposed 
duration of 18 months ending in March of 2011. 
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Figure 1  Proposed Project Schedule 

 
 
7.0 Budget Estimate 

A summary of the proposed budget by task for the project is provided in Table 2, whereas Table 
3 summarizes the budget by fiscal year, and Table 4 provides a breakdown of costs (except 
tuition) listed under Other Expenses in Table 3.  As indicated, the proposed cost of the project is 
$225,000. 



 

Table 2 – Summary of Proposed Budget by Task 
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Table 3 – Summary of Proposed Budget by Fiscal Year  
 



 

Table 4 – Estimated Costs for Equipment, Supplies, Lab Services, and Travel 
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