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Theme 

 
Incorporation of RAP and RAS 

into asphalt mixtures 

Effect on pavement durability 

 



Recycled Asphalt Pavement (RAP) 
 Significant aggregate and binder 

 Many states ~ 12% 
 MN: binder ratios govern 

 Fractionated RAP 
 Coarse  
 Fine 

Recycled Asphalt Shingles (RAS) 
 Manufacturer waste 
 Tear-off 

 

Terminology 



MnROAD Phase 1 (1994) 

No RAP 

Binder grade related to performance  

Performance Grading works 

MnROAD Phase 2 (2008)  

RAP and Shingles 

RAP levels 0 – 30% 

Shingle 0 – 5% 

Recycled Asphalt at MnROAD 



 Some counties excluded RAP in wear 
course mixtures 

Objectives 

Focus on Wearing Course 

Recommendations based on Field 
Experiences and Laboratory Results 

LRRB Appropriate Use of 
RAP 



 Methods 
Core sections of known design and 

field performance (St. Louis and 
Olmsted) 

Samples of RAP material 
Binder grade 

Separate wear/nonwear layers 
Binder grade and mixture modulus 

LRRB Appropriate Use of 
RAP 



  

Sections 

 

 

 

 

  >>> Focus on thermal distress 

 

 

HIGHWAY BINDER PG 
RECYCLE 

TYPE 
% RAP 

CRACKING 

DISTRESS 

I-90 

58-34 

unmodified 
None 0 Reflective 

58-34 modified None 0   

58-28 None 0   

County 4 58-28 
County road 

millings 
30 

Transverse and 

wandering 

County 16 58-34 
County road 

millings 
20 

Occasional 

transverse 

County 112 
58-34   0   

58-34 Plant RAP 20   

US-10 64-34 
Plant RAP, 

shingles 
30 Reflective 

LRRB Appropriate Use of 
RAP 



  

Specimens 

 

 

Road % RAP Cores 
Nonwear 

Specimens 

Wear 

Specimens 

Full-Depth 

Specimens 

St.Louis CR 4 20 3 0 0 3 

St.Louis CR 16 30 8 2 1 2 

Olmsted CR 112 20 6 2 1 2 

Olmsted CR 112 0 6 2 1 2 

LRRB Appropriate Use of 
RAP 



Results 

 

 

 

 
  >>> So what? 
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Compare to performance rankings 

Crack spacing 
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Project conclusions 

 

>> Mix binder properties at  

 low temperatures 
 

>> Amount of new asphalt binder 

 

 

 

Parameter Correlation 

%RAP 0.51 

#100 0.54 

HIPG 0.55 

Dust/binder 0.57 

#200 0.67 

New AC 0.72 

LOPG 0.99 

LRRB Appropriate Use of 
RAP 



 
Partners 

 FHWA$75,000 
 Minnesota Local Road Research Board 

$75,000 
 Mn/DOT (MnROAD Reconstruction): 

$125,000 
MnROAD Phase 2 

 Includes recycled material for specific 
sections in LRRB 864 - RAP Study 
 
 

Pooled Fund RAP 
Research In-Progress 



• Fractionated RAP special provisions 
based on trial mixtures 

• Test section construction 
• Monitor RAP stockpile and 

incorporation of RAP at the plant.   
• Sample materials and cores 

• Monitor and report annual 
performance  

 

Pooled Fund RAP 
Objectives 



MnROAD Mainline Cells in LRRB 864 



MnROAD Low Volume Road Cells in LRRB 864 



Cells 4, 15 – 24 
 Warm and Hot Mix Asphalt 
 Aggregate base 

 12” virgin (CL5) or recycled (CL7)  
 Recycled base study Cells 16-19 

 Subbase  
 12” CL3 over 7” Select Granular   

 Structural differences 
 Overlay of old 11” Full Depth Asphalt 
 3” HMA over 8” FDR w/Emulsion and 9” FDR w/Fly Ash 
 3” HMA over 4” Granular Base over sand  

Samples 
 Aggregate, mix, binder 

 
 

MnROAD Reconstruction Highlights 



30 % Fractionated RAP HMA 
Cells 20, 21 PG 58-28 
Cell 22 PG 58-34 

20 % RAP 
 LVR Cell 24 (HMA) PG 58-34 
Cells 15 – 19, 23 (WMA) PG 58-34 

0 %  RAP HMA 
Cell 4 PG 64-34 

 

RAP Study Test Sections 



Materials tests – design and acceptance 
Inspector/contractor field testing and sampling 

 DCP widely used 
 LWD, FWD, Sand cone  
 Nuclear density along with compaction 
 Bituminous mix: lab voids, gradation 
 Bituminous core: voids of mat and near Long. 

joint 
MnROAD 

 Samples stored for research 
 Additional cores 

Construction Testing 



Cracking – field survey 
Rutting – ALPS laser 
Friction – Dynatest trailer 
Ride – Lightweight inertial profiler 
Noise – OBSI 
Structure – FWD  
Instrumentation – pressure, strain, 

temperature, (leaching) 
Forensic work as needed 

MnROAD Monitoring 



• Monthly lane closures March through 
November 

• All lanes 

• 10 stations per lane 

• Vary load intensity 

FWD Monitoring 
 



FWD, Years 1 and 2 



Noise, Year 1 and 2 



Friction, Year 1 and 2 



Visual Distress Survey 

Reflected Cracks:  

32% (26/81) of prior cracks 
reflected on Cell 15 (3-in. 
overlay of full depth asphalt)  

Cell 16 has two cracks 

No distress in the other cells 

MnROAD RAP Early Performance 
Summarized 



• Cells 4 and 15 were heavily 
influenced by seasonal variation 
(spring-thaw) 

• Cells with similar construction 
show similar IRI deterioration 
rates 

Ride 



 

• Isolated measurements in 
excess of ½-in.  This was 
not continuous. 

• Recent measurements show 
that none of the study 
cells have ½-in. 

Rutting 



A 
 RAP PF cells appear to have been 

constructed with similar structural 
characteristics, and have maintained 
the relative relationships with the 
second round of testing   

The second round of FWD testing 
indicates that the AREA factors have 
decreased slightly from their initial 
values 

 

Structure 



The FRAP cells (21 and 22) had an initially 
higher OBSI reading; however cell 15 has 
since surpassed the FRAP cells, which 
are behaving similar to the other study 
cells 

All study cells appear to be affected by 
the seasonal variations in relatively the 
same way 

Noise 



The study cells appear to have very 
similar frictional characteristics 
with current FN 40 

Ribbed tire values near 50 for both 
driving and passing lanes 

Cell 24 was fog sealed which 
caused the FN 40 Ribbed values 
to decrease significantly 

 

 
 

Friction 



• Research Testing and Evaluation  

• (Lab Studies) 

• Development of Current Specification 

Shingles Research 



• Recycled Asphalt Shingles (RAS) 

• Manufacturer Waste Scrap Shingles 
(MWSS) 

• Tear-Off Scrap Shingles (TOSS) 

Introduction – Acronyms 



• MWSS: First Used in early 1990’s, Spec. 
in 1996, As of 2003, 5% max can be used 
at Contractor Discretion 

• TOSS:  First Used in mid 1990’s, Spec. in 
2007, As of 2010, 5% max can be used at 
Contractor Discretion 

Intro - Use of RAS  



• Debris and other Contaminants, 
Whose Responsibility? 

• Hazardous Materials (i.e. Asbestos) 

• Possible Performance/Durability 
Problems (stiff AC used in shingles 
may be aged on a roof for 30 years) 

Intro – Concerns about TOSS 



• Expensive to Landfill 

• Increased Costs of Asphalt Binder 

• Fear of a legislative mandate 

 

• Partnered with Minnesota Pollution 
Control Agency and others to Conduct 
Research and Develop a 
Comprehensive RAS Spec. 

Intro – Motivation to Use RAS 



First Step – Unload 

     Landfill $$$$$ 

     Recycle $$ 

 

PreSort –  

Pull out obvious big waste 

 

Intro – Dem-Con TOSS Processing 



Next  step is HAND 
sort 

We are recycling 
shingles and only 
shingles 

 

Unsorted is  on right  

Hand sort is behind  

equipment 

 

Intro – Dem-Con TOSS Processing 



• Grind 

• Screen 

• Magnet  

   (Nails) 

 

Intro – Dem-Con TOSS Processing 



Testing and Evaluation – 
TOSS Properties 

100% Passing No. 4 

Deleterious 
Materials: <0.5% 
by Weight 

Asphalt Binder 
Content: 26.4% 

 

 

 

 



Testing and Evaluation – 
MWSS Properties 

98% Passing No. 4 

Deleterious 
Materials: 1.2% 
by Weight  

 (Out of Spec. 
<0.5%) 

Asphalt Binder 
Content: 17.8% 

 

 

 

 



Binder Properties 

Testing and Evaluation 

RAS Properties 

Material 

Identification 

High 

PG 

Temp 

Low 

PG 

Temp 

Continuous 

PG Grade 
PG Grade 

RAP 79.9 -17.4 79.9  - 17.4 76-16 

RAP2 74.3 -28.8 74.3  - 28.8 70-28 

Omann TOSS 112.7 -11.4 112.7 - 11.4 
  Knife River MWSS 107.5 +6.0 107.5 + 6.0 



Mixture Properties 

Binder 

PG  
LAB Mix Identification High PG Low PG 

PG 

Grade 

58-28 Control 63.7 -31.0 58-28 

58-28 25% RAP 77.2 -19.7 76-16 

58-28 25% RAP 5% TOSS 84.6 -14.1 82-10 

58-28 25% RAP 5% MWSS 79.3 -18.7 76-16 

51-34 25% RAP 5% TOSS 75.9 -21.9 70-16 

51-34 25% RAP 5% MWSS 75.1 -23.2 70-22 



• Lab Binder Properties (High/Low 
Temps) are affected by RAS 

• TOSS is Stiffer than MWSS 

• Stiffening Effects appear to be 
mitigated by using a ‘softer’ base 
asphalt 

• Extraction/Recovery fails to 
characterize mixing (fineness of 
material, temperature, dwell time) 

Testing and Evaluation – 
Binder Properties 



Dynamic Modulus Testing:  

• Master Curves 

• Six Frequencies and Five 
Temperatures 

• E* Represents Mix Performance  

• (Binder Tests are Completely 
Mixed) 

 

Testing and Evaluation – 
Mixture Properties 
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Lab Mixture Property Conclusions: 

• Pronounced differences between 
MWSS and TOSS (TOSS is stiffer, 
Again) 

• Softening Effects of a ‘Softer’ Base 
Binder 

• Less Rutting Observed in RAS Mixes 
(Stiffer can be Good) 

 

Lab Testing and Evaluation 
Mixture Properties 



• Comprehensive RAS Specification in 2010  

• MWSS and TOSS use at contractor discretion 

• No more than 5% in Mix  

 (Remember: AC content of RAS > RAP) 

• Gradation Requirements: (90% Passing No. 4) 

• Ratio of New to Added Binder >= 70% 

(10 % RAP + 5% RAS) 

• Deleterious Material Limits (<=0.5% Retained 
on No. 4) 

 

2010 Mn/DOT 

 Specification 2360 



• Mn/DOT Environmental Services & MPCA Approach 

• Shingles from non-regulated facilities 

 Single layer reroofs 

 Single family homes 

• Processors are licensed waste handlers/facilities 

• Processors must have shingles added to their 
permit 

• Random testing for asbestos is required 

• Contact   Wayne.Gjerde@state.mn.us   MPCA  

 

 

 

2010 Mn/DOT 

 Specification 2360 



4” RAP, 1.5” RAS (10% MWSS + 90% 
TOSS) Pulverized with 1” of existing 
gravel plus 2% new emulsion 

 

 

Example of RAS in MN 



Thank You 



Pavement Inches 

Rigid pavement 24 - 33 

Thick flexible pavement 

>= 4 inches 
21 - 30 

Thin flexible pavement 

< 4 inches 
16 - 21 

Bituminous surface 

treatment 
15 - 17 

Weak BST 12 - 15 

Structure = subgrade < 11.1 

 

Typical FWD Area Factor (A36) 



Air Voids at Construction 



Is grouping appropriate, are cells performing similarly? 

 

FWD Monitoring 
 



FWD Results, Year 1 



FWD Results, Year 1 
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Binder Tests 

ABCD low temperature test 
Grading and master curves 

Mixture 

Dynamic modulus 
Semicircular Bend 
APA 
Overlay Tester 

Preview: Laboratory Testing  


