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Design of High Percentage Design of High Percentage 
Recycled Asphalt Pavement HMA Recycled Asphalt Pavement HMA 

with Warm Mix Technology for with Warm Mix Technology for 
Thin Mix ApplicationsThin Mix Applications

Project I:Project I:



Purpose of project was to develop thin lift overlay Purpose of project was to develop thin lift overlay 
HMA mix designs to be used for preventive HMA mix designs to be used for preventive 
maintenance applications.  maintenance applications.  

Mixes had a fine aggregate gradation.Mixes had a fine aggregate gradation.

Each mix design incorporated Warm Mix Asphalt Each mix design incorporated Warm Mix Asphalt 
(WMA) technology with high percentages of Recycled (WMA) technology with high percentages of Recycled 
Asphalt Pavement (RAP).  Asphalt Pavement (RAP).  

Project DescriptionProject Description



1.1. Develop mixes using currently specified mix gradations Develop mixes using currently specified mix gradations 
for thin lift mixes (Superpave and MassHighway) and for thin lift mixes (Superpave and MassHighway) and 
various Performance Grade (PG) binders used in the various Performance Grade (PG) binders used in the 
Northeast.Northeast.

2.2. Develop mix designs incorporating WMA technology Develop mix designs incorporating WMA technology 
and varying percentages of RAP.  Additionally develop and varying percentages of RAP.  Additionally develop 
a control mix without RAP.a control mix without RAP.

3.3. Complete development of mix designs in accordance Complete development of mix designs in accordance 
with the Superpave mix design method and the technical with the Superpave mix design method and the technical 
guidance provided in the NCHRP Report 452 guidance provided in the NCHRP Report 452 
““Recommended Use of Reclaimed Asphalt Pavement in Recommended Use of Reclaimed Asphalt Pavement in 
the Superpave Mix Design Method: Technicianthe Superpave Mix Design Method: Technician’’s s 
Manual.Manual.””

Project ObjectivesProject Objectives



4.4. Evaluate the performance of the mixes in terms of Evaluate the performance of the mixes in terms of 
Dynamic Modulus (E*) at varying temperatures and Dynamic Modulus (E*) at varying temperatures and 
frequencies using the Simple Performance Test (SPT) frequencies using the Simple Performance Test (SPT) 
device.  device.  

5.5. Develop mix Master Curves based on measured Develop mix Master Curves based on measured 
Dynamic Modulus (E*) data for each mix design.Dynamic Modulus (E*) data for each mix design.

6.6. Determine the Performance Grade (PG) grade of the Determine the Performance Grade (PG) grade of the 
extracted and recovered binder for each developed extracted and recovered binder for each developed 
mix.  mix.  

Project Objectives (contProject Objectives (cont’’d)d)



8.8. Develop binder Master Curves for all the mixtures Develop binder Master Curves for all the mixtures 
utilizing the binder modulus data (G*) obtained from utilizing the binder modulus data (G*) obtained from 
the Dynamic Shear Rheometer (DSR) and Bending the Dynamic Shear Rheometer (DSR) and Bending 
Beam Rheometer (BBR).Beam Rheometer (BBR).

9.9. Evaluate the extent of coEvaluate the extent of co--mingling between the RAP mingling between the RAP 
binder and added virgin binder via mix and binder binder and added virgin binder via mix and binder 
Master Curves.Master Curves.

10.10. Evaluate the workability of each mix.Evaluate the workability of each mix.

Project Objectives (contProject Objectives (cont’’d)d)



MethodologyMethodology

Mix DesignsMix Designs
Superpave 4.75 mmSuperpave 4.75 mm

MassHighway Surface TreatmentMassHighway Surface Treatment

Virgin AggregatesVirgin Aggregates
9.5 mm Crushed Stone9.5 mm Crushed Stone

Manufactured SandManufactured Sand
Natural SandNatural Sand

RAP PercentagesRAP Percentages
0%  15%  30%  50%0%  15%  30%  50%

Virgin BindersVirgin Binders
PG64PG64--2828
PG58PG58--3434
PG52PG52--3333

PG52PG52--33 (w/latex)33 (w/latex)

RAPRAP
4.75 mm NMAS 4.75 mm NMAS 

Fractionated RAPFractionated RAP



Methodology (contMethodology (cont’’d)d)
Mix DesignsMix Designs

Superpave 4.75 mmSuperpave 4.75 mm
MassHighway Surface TreatmentMassHighway Surface Treatment

WorkabilityWorkability
Evaluate using Evaluate using 

prototype device prototype device 
developed by developed by 

PRISM.PRISM.

Dynamic Modulus (E*) Dynamic Modulus (E*) 
TestingTesting

Temperatures:Temperatures: 44°°C, 20 C, 20 °°C, 40 C, 40 °°CC
Frequencies:Frequencies: 0.01 Hz, 0.1Hz, 1Hz, 0.01 Hz, 0.1Hz, 1Hz, 
10Hz (0.01Hz for 40 10Hz (0.01Hz for 40 °°C only)C only)

Extraction and Extraction and 
Recovery of BinderRecovery of Binder

AASHTO T319 RotovapAASHTO T319 Rotovap

Develop Mix Master Develop Mix Master 
CurvesCurves

Develop using E* data.Develop using E* data.

Determine Determine 
Performance Grade of Performance Grade of 

Extracted BinderExtracted Binder

Develop Binder Master Develop Binder Master 
CurvesCurves

Evaluation of Extent Evaluation of Extent 
of Coof Co--mingling  mingling  

Between RAP and Between RAP and 
Virgin BinderVirgin Binder



Fractionated 4.75 mm NMAS RAP based on extracted Fractionated 4.75 mm NMAS RAP based on extracted 
dry aggregate gradation.dry aggregate gradation.

Materials Materials -- RAPRAP



Materials Materials -- AggregatesAggregates

Virgin Aggregate Stockpiles:Virgin Aggregate Stockpiles:

9.5 mm Crushed Stone9.5 mm Crushed Stone

Manufactured SandManufactured Sand

Natural SandNatural Sand



Materials Materials –– WMA TechnologyWMA Technology
Wax Additive WMA Technology (SasobitWax Additive WMA Technology (Sasobit®®))

Added to Virgin Binder at Dosage Rate of 1.5% of Total Binder inAdded to Virgin Binder at Dosage Rate of 1.5% of Total Binder in Mix Mix 
(RAP +Virgin)(RAP +Virgin)



Materials Materials -- BindersBinders

Virgin Binders:Virgin Binders:
PG 64PG 64--2828
PG 58PG 58--3434
PG 52PG 52--3333

PG52PG52--33 (w/ 1.5 %latex)33 (w/ 1.5 %latex)

Note: 1.5% latex added by weight of total binder in selected PG5Note: 1.5% latex added by weight of total binder in selected PG522--33 mixes only.33 mixes only.



Superpave 4.75 mm GradationSuperpave 4.75 mm Gradation

TargetTarget
Percent  RAPPercent  RAPSieve Sieve 

SizeSize

66--12128.68.68.08.06.96.97.37.30.0750.075
--13.313.312.012.010.710.710.310.30.1500.150
--21.521.520.020.019.119.117.517.50.300.30
--33.233.231.531.531.731.727.827.80.600.60

3030--606047.347.345.745.746.546.542.342.31.181.18
--68.568.567.567.567.867.866.366.32.362.36

9090--10010091.291.290.890.890.290.291.991.94.754.75
9595--10010099.099.099.099.098.998.999.299.29.509.50

10010010010010010010010010010012.512.5
50%50%30%30%15%15%0%0%



MHD Surface Treatment MHD Surface Treatment 
GradationGradation

TargetTarget
Percent  RAPPercent  RAPSieve Sieve 

SizeSize

33--888.88.86.76.75.15.14.54.50.0750.075
77--171714.214.212.012.010.310.39.29.20.1500.150

1313--313124.624.623.423.422.222.221.021.00.300.30
2626--505040.440.441.441.441.541.540.240.20.600.60
4646--686856.756.758.958.959.759.758.558.51.181.18
6464--858577.177.178.478.478.978.978.178.12.362.36
8080--10010097.297.297.097.096.896.896.596.54.754.75

10010099.999.999.999.999.999.999.899.89.509.50
10010010010010010010010010010012.512.5

50%50%30%30%15%15%0%0%



Mixing and Compaction Mixing and Compaction 
TemperaturesTemperatures

Determined from Rotational Viscometer data in accordance with Determined from Rotational Viscometer data in accordance with 
AASHTO T316.AASHTO T316.

Mixing and compaction temperature range determined as outlined Mixing and compaction temperature range determined as outlined 
in Asphalt Institute Handbook in Asphalt Institute Handbook ““Superpave Level 1 Mix Design.Superpave Level 1 Mix Design.””

136136--141 141 °°CC148148--154 154 °°CCPG 58PG 58--34 (1.5% Sasobit)34 (1.5% Sasobit)

132132--137 137 °°CC143143--148 148 °°CCPG 52PG 52--33 (1.5% Sasobit)33 (1.5% Sasobit)

154154--161 161 °°CC

151151--157 157 °°CC
Mixing RangeMixing Range

141141--147 147 °°CCPG 52PG 52--33 (1.5% Sasobit 33 (1.5% Sasobit 
& 1.5% Latex)& 1.5% Latex)

141141--145 145 °°CCPG 64PG 64--28 (1.5% Sasobit)28 (1.5% Sasobit)
Compaction RangeCompaction RangeAsphalt Binder TypeAsphalt Binder Type



Mixing and Compaction Mixing and Compaction 
TemperaturesTemperatures



RAP was heated to different mixing temperature.RAP was heated to different mixing temperature.

RAP mixing temperature was 110RAP mixing temperature was 110°°C (230 C (230 °°F) as F) as 
outlined in outlined in NCHRP Report 452 NCHRP Report 452 ““Recommended Use of Recommended Use of 
Reclaimed Asphalt Pavement in the Superpave Mix Reclaimed Asphalt Pavement in the Superpave Mix 
Design Method: TechnicianDesign Method: Technician’’s Manual.s Manual.””

RAP Mixing TemperatureRAP Mixing Temperature



Volumetrics Volumetrics -- PG52PG52--3333

0.90.9--2.02.01.601.601.591.591.271.271.171.17Dust to Binder Dust to Binder 
RatioRatio

6565--787882.682.680.280.277.877.878.778.7VFA, %VFA, %

1616--181815.415.416.016.016.516.518.818.8VMA, %VMA, %

4.04.02.72.73.23.23.73.74.04.0Air Voids, %Air Voids, %

--2.02.04.04.05.55.56.86.8Added AC, %Added AC, %

--6.06.06.46.46.66.66.76.7AC (oven), %AC (oven), %

--50%50%30%30%15%15%0%0%RAP Added, %RAP Added, %

Superpave Superpave 
Specification Specification 

TargetTarget
Superpave 4.75 mmSuperpave 4.75 mm



Volumetrics Volumetrics -- PG52PG52--33 33 
(cont(cont’’d)d)

--1.531.531.091.090.740.740.610.61Dust to Binder Dust to Binder 
RatioRatio

--72.872.872.772.774.174.173.173.1VFA, %VFA, %

--18.118.119.419.421.121.122.622.6VMA, %VMA, %

--4.94.95.35.35.55.56.16.1Air Voids, %Air Voids, %

--2.02.04.54.56.56.58.08.0Added AC, %Added AC, %

7.07.0--8.08.06.06.06.96.97.67.67.87.8AC (oven), %AC (oven), %

--50%50%30%30%15%15%0%0%RAP Added, %RAP Added, %

MassHighway MassHighway 
Specification Specification 

TargetTarget
MHD Surface TreatmentMHD Surface Treatment



Volumetrics Volumetrics -- PG52PG52--33 with 33 with 
LatexLatex

0.90.9--2.02.01.551.55Dust to Binder RatioDust to Binder Ratio

6565--787874.974.9VFA, %VFA, %
1616--181817.517.5VMA, %VMA, %

444.44.4Air Voids, %Air Voids, %
--3.73.7Added AC, %Added AC, %

--6.36.3AC (oven), %AC (oven), %

-30%30%RAP Added, %RAP Added, %

Superpave Superpave 
Specification TargetSpecification Target

Superpave 4.75 mmSuperpave 4.75 mm
1.5% Latex1.5% Latex



Volumetrics Volumetrics -- PG64PG64--2828

0.90.9--2.02.01.631.631.361.361.071.071.151.15Dust to Binder Dust to Binder 
RatioRatio

6565--787875.075.077.477.478.778.776.376.3VFA, %VFA, %

1616--181816.516.517.717.719.019.019.419.4VMA, %VMA, %

4.04.04.14.14.04.04.04.04.64.6Air Voids, %Air Voids, %

--2.32.34.34.35.85.87.07.0Added AC, %Added AC, %

--6.46.46.86.87.27.27.07.0AC (oven), %AC (oven), %

--50%50%30%30%15%15%0%0%RAP Added, %RAP Added, %

Superpave Specification Superpave Specification 
TargetTargetSuperpave 4.75 mmSuperpave 4.75 mm



Volumetrics Volumetrics -- PG64PG64--28 28 
(cont(cont’’d)d)

--1.641.641.061.060.710.710.600.60Dust to Binder Dust to Binder 
RatioRatio

--68.568.571.471.472.672.675.475.4VFA, %VFA, %

--17.817.819.919.921.921.922.122.1VMA, %VMA, %

--5.65.65.75.76.06.05.55.5Air Voids, %Air Voids, %

--2.02.04.54.56.56.58.08.0Added AC, %Added AC, %

7.07.0--8.08.06.36.37.07.07.87.88.08.0AC (oven), %AC (oven), %

--50%50%30%30%15%15%0%0%RAP Added, %RAP Added, %

MassHighway MassHighway 
Specification Specification 

TargetTarget
MHD Surface TreatmentMHD Surface Treatment



Volumetrics Volumetrics -- PG58PG58--3434

0.90.9--2.02.01.691.691.441.441.151.151.161.16Dust to Binder Dust to Binder 
RatioRatio

6565--787876.176.177.977.980.580.578.578.5VFA, %VFA, %

1616--181815.915.917.017.017.617.619.019.0VMA, %VMA, %

4.04.03.83.83.83.83.63.64.14.1Air Voids, %Air Voids, %

--2.02.04.04.05.55.56.86.8Added AC, %Added AC, %

--6.06.06.46.46.66.66.76.7AC (oven), %AC (oven), %

--50%50%30%30%15%15%0%0%RAP Added, %RAP Added, %

Superpave Superpave 
Specification Specification 

TargetTarget
Superpave 4.75 mmSuperpave 4.75 mm



Volumetrics Volumetrics -- PG58PG58--34 34 
(cont(cont’’d)d)

--1.671.671.101.100.620.620.620.62Dust to Binder Dust to Binder 
RatioRatio

--68.468.470.170.171.071.075.275.2VFA, %VFA, %

--17.817.819.819.821.621.621.921.9VMA, %VMA, %

--5.65.65.95.96.36.35.45.4Air Voids, %Air Voids, %

--2.02.04.54.56.56.588Added AC, %Added AC, %

7.07.0--8.08.06.06.06.96.97.67.67.87.8AC (oven), %AC (oven), %

--50%50%30%30%15%15%0%0%RAP Added, %RAP Added, %

MassHighway MassHighway 
Specification Specification 

TargetTarget
MHD Surface TreatmentMHD Surface Treatment



Comparison of RAP Mixes to Comparison of RAP Mixes to 
ControlControl



Binder Extraction & Binder Extraction & 
RecoveryRecovery

Extractions performed in accordance with AASHTO T319 Extractions performed in accordance with AASHTO T319 
(Rotovap).(Rotovap).



Binder Extraction & Binder Extraction & 
Recovery (contRecovery (cont’’d)d)

Preliminary Test Results:Preliminary Test Results:
RAP binder has a grade of PG94RAP binder has a grade of PG94--XX.XX.

Future Extraction, Recovery and PG Grading Tests:Future Extraction, Recovery and PG Grading Tests:
Perform replicate testing on RAP stockpile.Perform replicate testing on RAP stockpile.

Perform testing on each mix developed (control and Perform testing on each mix developed (control and 
varying percentages of RAP).varying percentages of RAP).



Dynamic Modulus (E*) TestingDynamic Modulus (E*) Testing

10 Hz, 1Hz, 0.1Hz10 Hz, 1Hz, 0.1Hz44°°CC

10 Hz, 1Hz, 0.1Hz10 Hz, 1Hz, 0.1Hz2020°°CC

10 Hz, 1Hz, 0.1Hz, 0.01Hz10 Hz, 1Hz, 0.1Hz, 0.01Hz4040°°CC

FrequencyFrequencyTemperatureTemperature



Mix Master Curve Mix Master Curve 
DevelopmentDevelopment

Dynamic Modulus (E*) data measured in the Simple Dynamic Modulus (E*) data measured in the Simple 
Performance Test (SPT) device utilized to develop mix Performance Test (SPT) device utilized to develop mix 
Master Curve.Master Curve.

Master Curve provides and indication of the Master Curve provides and indication of the 
performance of each mix at different temperatures and performance of each mix at different temperatures and 
loading frequencies. loading frequencies. 

Comparison of mix Master Curves provides a measure Comparison of mix Master Curves provides a measure 
to evaluate the performance of one mix versus another.to evaluate the performance of one mix versus another.



Master Curve PG64Master Curve PG64--28 28 
Superpave MixesSuperpave Mixes
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Master Curve PG64Master Curve PG64--28 28 
MassHighway MixesMassHighway Mixes
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Master Curve Comparison Master Curve Comparison 
Superpave With 30% RAPSuperpave With 30% RAP
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Binder Master Curve TestingBinder Master Curve Testing

Complex Shear Modulus (G*) testing of Complex Shear Modulus (G*) testing of 
extracted binder from mixes:extracted binder from mixes:

DSR testing at low and intermediate DSR testing at low and intermediate 
temperatures and at varying frequencies.temperatures and at varying frequencies.

BBR testing at low temperatures and at BBR testing at low temperatures and at 
varying frequencies.varying frequencies.



Binder Master Curve Binder Master Curve 
DevelopmentDevelopment

Separate binder Master Curves developed from:Separate binder Master Curves developed from:
1.1. G* data from extracted binder testing.G* data from extracted binder testing.
2.2. G* back calculated using Hirsch model from E* data.G* back calculated using Hirsch model from E* data.

Comparison of these two Master Curves gives an Comparison of these two Master Curves gives an 
indication of the extent of coindication of the extent of co--mingling of the binder in the mingling of the binder in the 
RAP and the virgin binder.RAP and the virgin binder.



Binder Master Curve Example Binder Master Curve Example 
of Good Coof Good Co--MinglingMingling

From Advanced Asphalt Testing LLC, "Evaluation of Hot-Mix Asphalt Mixture Containing Recycled or Waste Product Materials 
Using Performance Testing" (2005)
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Binder Master Curve Example Binder Master Curve Example 
of Poor Coof Poor Co--MinglingMingling
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WorkabilityWorkability
Good workability is significant to these mixes due to the high Good workability is significant to these mixes due to the high 
stiffness of the binder in the RAP and the amount of RAP being stiffness of the binder in the RAP and the amount of RAP being 
used in each mix.used in each mix.

Workability evaluation of each mix will be conducted using Workability evaluation of each mix will be conducted using 
prototype device designed and built by UMass Dartmouth. This prototype device designed and built by UMass Dartmouth. This 
device is being patented.device is being patented.

Workability prototype is complete.  Data for these RAP mixes is Workability prototype is complete.  Data for these RAP mixes is 
expected to be collected and compiled in 2008.expected to be collected and compiled in 2008.



ConclusionsConclusions

Thin lift mixes with up to 50% RAP were developed using Thin lift mixes with up to 50% RAP were developed using 
typical binders used in the Northeast.typical binders used in the Northeast.

Volumetric testing showed that some of the mixes with RAP Volumetric testing showed that some of the mixes with RAP 
met all volumetric criteria.  However, other mixes tested met all volumetric criteria.  However, other mixes tested 
showed small variations in the VMA and VFA outside the showed small variations in the VMA and VFA outside the 
acceptable range suggested by Superpave.   acceptable range suggested by Superpave.   



Conclusions (contConclusions (cont’’d)d)

Preliminary Master Curves developed suggested that the Preliminary Master Curves developed suggested that the 
Superpave 4.75 mm mixes with PG64Superpave 4.75 mm mixes with PG64--28 and RAP might 28 and RAP might 
perform as well as the control mix without RAP at high, perform as well as the control mix without RAP at high, 
intermediate, and low temperatures. Further testing needs to intermediate, and low temperatures. Further testing needs to 
be conducted to verify that this applies to all mixes, RAP be conducted to verify that this applies to all mixes, RAP 
contents and binder types. contents and binder types. 



Transportation Pooled Transportation Pooled 
Fund Study TPFFund Study TPF--5(146)5(146)

Project II:Project II:

Evaluation of Modified Performance Grade Binders in Evaluation of Modified Performance Grade Binders in 
Thin Lift Maintenance Mixes, Surface Mix, and a Thin Lift Maintenance Mixes, Surface Mix, and a 

Reflective Crack Relief Layer Mix.Reflective Crack Relief Layer Mix.



Participating StatesParticipating States

MassachusettsMassachusetts

New YorkNew York

New JerseyNew Jersey

New HampshireNew Hampshire

ConnecticutConnecticut
Rhode IslandRhode Island



Project ObjectivesProject Objectives

Develop thin lift HMA mixes for maintenance and Develop thin lift HMA mixes for maintenance and 
rehabilitation purposes using different modified rehabilitation purposes using different modified 
binders typically specified in the Northeast.binders typically specified in the Northeast.

Develop a Reflective Crack Relief Layer (RCRL) Develop a Reflective Crack Relief Layer (RCRL) 
mix.mix.

Evaluate the performance of these mixes.Evaluate the performance of these mixes.



MethodologyMethodology

Modified BindersModified Binders
5 Different Types5 Different Types

Mix DesignsMix Designs
4.75 mm Superpave4.75 mm Superpave
9.5 mm Superpave9.5 mm Superpave

RCRLRCRL

AggregatesAggregates
Gravel SourceGravel Source

Crushed SourceCrushed Source

Mix Performance TestingMix Performance Testing
Dynamic Modulus (E*)Dynamic Modulus (E*)

Accelerated Pavement TestingAccelerated Pavement Testing

Binder TestingBinder Testing
Performance GradePerformance Grade

Elastic RecoveryElastic Recovery
MultiMulti--Stress Creep RecoveryStress Creep Recovery

Literature ReviewLiterature Review



Literature ReviewLiterature Review
Review development of maintenance and rehabilitation mixes Review development of maintenance and rehabilitation mixes 
prepared with polymer modified binders using Superpave design prepared with polymer modified binders using Superpave design 
methodology.methodology.

Review differences between different types of polymer modifiers.Review differences between different types of polymer modifiers.

Conduct survey to quantify State DOT experiences with using Conduct survey to quantify State DOT experiences with using 
PMA in thin lift maintenance or rehabilitation mixes.PMA in thin lift maintenance or rehabilitation mixes.

Review of design and test methods for PMA mixes as well as Review of design and test methods for PMA mixes as well as 
methods for placement.methods for placement.



SurveySurvey

Internet (web) based survey.Internet (web) based survey.

Attempted to solicit responses from Attempted to solicit responses from 
over 100 Federal, State, and select over 100 Federal, State, and select 

Local agency representatives.Local agency representatives.



Preliminary Survey ResultsPreliminary Survey Results
Does your agency use or specify any thin lift HMA overlay mainteDoes your agency use or specify any thin lift HMA overlay maintenance nance 

mixes?mixes?



Preliminary Survey ResultsPreliminary Survey Results
What distresses does your agency hope to resolve using thin liftWhat distresses does your agency hope to resolve using thin lift HMA HMA 

overlay mixes?overlay mixes?



Preliminary Survey ResultsPreliminary Survey Results
What types of thin mixes does your agency use?What types of thin mixes does your agency use?



Preliminary Survey ResultsPreliminary Survey Results
What polymers does your agency use for thin lift HMA overlaysWhat polymers does your agency use for thin lift HMA overlays??



BindersBinders
1.1. PG 64PG 64--28 without modification (Control)28 without modification (Control)

2.2. PG 64PG 64--28 Poly28 Poly--Phosphoric Acid (PPA) ModifiedPhosphoric Acid (PPA) Modified

3.3. PG 64PG 64--28 SBR (Styrene28 SBR (Styrene--Butadiene Rubber) Latex Butadiene Rubber) Latex 
ModifiedModified

4.4. PG 76PG 76--22 SBS (Styrene22 SBS (Styrene--ButadieneButadiene--Styrene) ModifiedStyrene) Modified

5.5. PG 76PG 76--34 Chemically Modified Crumb Rubber34 Chemically Modified Crumb Rubber

6.6. PG 64PG 64--34 SBS (Styrene34 SBS (Styrene--ButadieneButadiene--Styrene) ModifiedStyrene) Modified



AggregatesAggregates

Crushed Stone Source Crushed Stone Source –– Wrentham, MassachusettsWrentham, Massachusetts
9.5mm Crushed Stone9.5mm Crushed Stone Washed SandWashed Sand
Natural SandNatural Sand FinesFines
DustDust

Gravel Stone Source Gravel Stone Source –– Farmington, New HampshireFarmington, New Hampshire
9.5mm Gravel Stone9.5mm Gravel Stone GritsGrits
Washed SandWashed Sand FinesFines
DustDust



Mix DesignsMix Designs

SP = Superpave  RCRL = Reflective Crack Relief LayerSP = Superpave  RCRL = Reflective Crack Relief Layer

PG64PG64--28 28 
SBR (Latex)SBR (Latex)

PG 64PG 64--34 34 
SBSSBS

PG 76PG 76--34 34 
CMCRCMCR

SP 9.5 mm SP 9.5 mm ––
Crushed Stone Crushed Stone 
SourceSource

SP 9.5 mm SP 9.5 mm ––
Gravel Stone Gravel Stone 
SourceSource

PG 76PG 76--22 22 
SBSSBS

PG 64PG 64--28 28 
PPAPPA

PG64PG64--28 28 
NeatNeat

RCRLRCRL

SP 9.5 mm SP 9.5 mm ––
Gravel Stone Gravel Stone 
SourceSource

SP 4.75 mm SP 4.75 mm ––
Crushed Stone Crushed Stone 
SourceSource



Binder TestingBinder Testing

Verification of Performance Grade (PG) of each Verification of Performance Grade (PG) of each 
binder in accordance with AASHTO and Superpave binder in accordance with AASHTO and Superpave 
specifications.specifications.

Determine elastic recovery of each binder per Determine elastic recovery of each binder per 
AASHTO T301.AASHTO T301.

Perform MultiPerform Multi--Stress Creep Recovery Test Stress Creep Recovery Test 
(MSCRT) on each binder.(MSCRT) on each binder.



Performance TestingPerformance Testing

Thin Lift Mixes:Thin Lift Mixes:
Dynamic Modulus (E*)Dynamic Modulus (E*)

Accelerated Pavement TestingAccelerated Pavement Testing
Beam FatigueBeam Fatigue

RCRL:RCRL:
Accelerated Pavement TestingAccelerated Pavement Testing

Beam FatigueBeam Fatigue



Dynamic Modulus TestingDynamic Modulus Testing

Simple Performance Test Simple Performance Test 
DeviceDevice

10 Hz, 1Hz, 0.1Hz10 Hz, 1Hz, 0.1Hz44°°CC

10 Hz, 1Hz, 0.1Hz10 Hz, 1Hz, 0.1Hz2020°°CC

10 Hz, 1Hz, 0.1Hz, 0.01Hz10 Hz, 1Hz, 0.1Hz, 0.01Hz4040°°CC

FrequencyFrequencyTemperatureTemperature



Accelerated Pavement Accelerated Pavement 
TestingTesting

ModelModel Mobile Load Simulator (MMLS3)Mobile Load Simulator (MMLS3)
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