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Two Part Presentation…

Part



Purpose of Asphalt Mix Design

Determine a cost effective recipe 
(gradation of aggregates and asphalt 
binder) that yields a mix having:

✓ Sufficient asphalt binder to ensure a 
durable pavement

✓ Sufficient mix stability to satisfy the 
demands of traffic without distortion or 
displacement 

✓ Sufficient voids in the total compacted mix to allow for a slight amount of asphalt 
binder expansion due to temperature increases without flushing, bleeding, and loss of 
stability



Historical Mix Design Approaches

All are basically an attempt to determine how much binder to use with a 
specific gradation for a specified application…a recipe to follow! 

• Past Experience

• Hubbard-Field Plate

• Marshall Method

• Hveem Method

• Texas Gyratory

• Corp of Engineers Gyratory

• Superpave Gyratory



RAP is a Recipe Ingredients Substitute 



Sometimes We Get It Wrong

• Superpave Ndesign levels too high and assume 
no binder contribution to rut resistance.

• High gyrations and minimal gradation 
requirements (open bands) resulted in coarse 
graded, low binder content mixes.

• PG Binder Grading System offered “stiffer” 
binders than used in the past(AC-40 is a PG70).

• Fines to Asphalt mix restrictions (F/A ratio) was 
changed to effective asphalt from total 
asphalt without adjusting requirements resulting 
in less -#200 material allowed in asphalt mixes. 



Sometimes We Get It Wrong

• No RAP mix research included in the Asphalt Strategic 
Highway Research Program (SHRP).

• RAP binder viewed as “old asphalt binders” and unsuitable 
for the new SUperior PERforming Asphalt binders.

• FHWA Superpave RAP ETG 
guidance based on “round table” 
opinions not data.

• Processed RAP has -#200 material so F/A changes negatively 
impacts how much RAP can be put in a mix.

• Dry/lean mixes and use of stiff binders (PG 70, 76, 82) not RAP 
friendly. 



RAP Processing

• Process to “Crumble” old 
pavements (think of Rice test)

• Crushing rock generates fines

• Sizing all RAP to -1/2” or 9/16” 
top size creates fines

• RAP aggregate gravities 
impact mix design

• Create separate uniform 
stockpiles from various 
sources

• Determine RAP binder grade* 



Know the Difference…

+9/16 – 1”

+1/4” – 9/16 ”

– 1/4”

Fractionation

Fractionation provides gradation controls necessary 

for higher RAP percentages

Crusher run aggregates in HMA 

were outlawed by most states 
years ago due to lack of gradation 

control

Crusher Run

– 1/2” or -9/16”



RAP Binder is Still There…

Processed RAP
Heated & Mixed 

Processed RAP



Fractionated RAP Binder Contents

-½” RAP

5.2%AC

-½” +¼” RAP

3.0% AC

-¼” RAP

6.5% AC



RAP Processing “Rules of Thumb”

• Process RAP to -9/16” not -1/2” or -5/8”. 

• “Crusher run” RAP processing is limited 
to 10-20% RAP mixes (two cold feed 
bins better for upper limit).

• Two cold feeds and fractionated RAP 
for above 25% (one for -1/4” fine RAP 
and one for -9/16” to1/4” RAP). 

• Coarse RAP (-1”+9/16”) is for base and 
intermediate mixes.

• RAP aggregate gravities must be taken 
into consideration.

Richard’s “Rules of 

Thumb” for RAP 

Mixes



Crushed RAP vs. Millings

Traditional 

Drum
Micro 

Drum

Gradation determined by original aggregate size and RAP processing 



RAP Binder Content and Grade

• Most RAP comes from 3/8” 
(9.5mm) minus surface mixes.

• RAP binder contents are typically 
5.0 – 5.8%.

• Determine RAP binder contents 
by burning samples in an ignition 
oven.

• Solvent extraction is required to 
recover recycled binder for PG 
grading.

• Recovered RAP binder typically 
grades close to a PG100-4.



Using RAP to Meet PG 70-22

Adopted (1996) 

VDOT PG Grades

• PG 64-22

• PG 70-22

• PG 76-22

Later determined the 
correct PG low temp 
requirement is -16.



RAP Mix PG Binder Grade

2009 Chemical Extration PG Results
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True Grade, Not PG, Matters

Richard’s “Rules of Thumb” for RAP Mixes

“For every 10% of RAP in the mix true 

binder PG grade is raised 1 degree.” 



Binder Stiffness vs. Rutting
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At the time many 

asphalt technologist 

slammed the research 

as prevailing thought 

was binder stiffness 

had little contribution 

to rut resistance.

1996 VTRC BINDER 

RUTTING STUDY

GAP GRADED 

12.5 MM @ +.5 AC

Fatigue susceptibility 
increases as binder stiffness 
increases, can be offset by 
increases in binder volume.



Softer Binders and Rejuvenators

• True Grade rules!  RAP percentages 
up to 40% are possible without 
changing PG grade.

• Use one PG grade softer on high 
and low temperatures when True 
Grade dictates a modification is 
necessary to meet specified grade. 
(applicable for up to 50% RAP mixes)

• RAP percentages in excess of 50% 
will require a rejuvenator and should 
be chosen based on laboratory 
analysis of the RAP binder. 

Richard’s “Rules of 

Thumb” for RAP 

Mixes



Asphalt Plant Design Matters



What About Shingles (RAS)?



Cold Central Plant Recycling



“Too often we strive to get higher and higher stabilities 

in a bituminous pavement, to the point where stability 

can be overstressed. Inasmuch as a bituminous 

pavement is considered a flexible pavement, it must 

necessarily take the shape of the base it is laid upon as 

it does not provide the rigid structure strength necessary 

to bridge over deflections caused by insufficiently 

prepared bases.”

Wisdom from the Past

“RESEARCH IN ASPHALT TECHNOLOGY AND DESIGN OF BITUMINOUS MIXTURES”

ASPHALT PAVING CONFERENCE
Michigan College of Mining and Technology, Houghton, Michigan 

May 18 and 19, 1960 

Paul J. Serafin

Bituminous Testing Engineer 

Michigan State Highway Department 

63 Years 
ago…



A Little Virginia RAP History…

1977 Hughes, C. S., “Evaluation of Recycled Asphaltic Concrete”, VHTRC 78-R9.

1979 Rt.1 Richmond District is Virginia’s first asphalt recycling project, surface

mix incorporating 45% RAP in a batch plant. (FHWA Demonstration Project 39).

1980 I-95 recycling project (surface mix) in Richmond District 45% RAP in batch plant.

1981 U.S. Rt. 220, Salem District recycling project using 45% RAP in batch plant.

1984 Asphalt Recycling Symposium, Virginia Beach, VA.

1985 VAA & VDOT RAP discussion VDOT adopts Section 212.02(h) language:  

“Reclaimed asphalt pavement shall not exceed twenty-five percent by weight  of the total aggregate 
unless otherwise approved in writing by the Engineer.” (Most urban producers obtained permission for 
45-50% RAP in surface mixes and still produce mixes at these percentages.)



5 Take aways on RAP use

• Understand the why, when, what and how of 
RAP processing.

• Understand RAP binder’s impact on mix 
characteristics.

• Know what asphalt mixes are (or are not) RAP 
friendly and why.

• Understand that crushed RAP and millings are 
different.

• While 100% RAP mixes are possible, what the 
producer can control dictates how much RAP 
he can use successfully.



Remember…No Chemical Reaction

The bond between the aggregates and the asphalt binder is mechanical in nature. 



Thank You!
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