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Objective of Pool Fund Project 

 Characterize properties of recycled concrete 
pavement (RCP) and recycled asphalt pavement 
(RAP) as unbound base 

 Determine how RCA and RAP behave in the field and 
how to design pavements using these materials 

 Both lab and field scale tests  

•Variability in material properties 

•Purity of materials 

•Control of material quality and best construction practices 

•Climatic effects and durability 

•Environmental suitability 
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Project Tasks 
Task I Structural capacity, long-term stability, design properties 

Task IA 

Task IB 

Task IC 

Task ID 

Literature Review 

Relationship between Mr and Composition of RCA or RAP 

Scaling and Equivalency: Specimen Tests to Field-Scale Conditions 

Climate Effects 

Task II Construction & Maintenance 

Task IIA 

Task IIB 

Compaction Level and Assessment 

Field Performance and Maintenance 

Task III Material Control 

Task IV Leaching Characteristics 

Task V Extended Monitoring 

Task VI/VII Final Report & Dissemination 
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Minnesota 
 
 

Wisconsin 

USC L 17-19 UNLV W 51-17 

New Mexico State L 21-28 Oregon State W 35-0 

Miami W 29-
23 

Northern Illinois W 49-7 

ND State L 24-37 South Dakota W 59-10 

Michigan L 0-58 Nebraska W 48-17 
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Recycled Materials 

• Recycled Asphalt Pavement 
(RAP)  

• Recycled Pavement Material 
(RPM) 

• Recycled Concrete 
Aggregate (RCA) 
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Objective of Today’s Presentation 

o Characterize engineering properties of RCA and RAP as 
unbound road base without treatment/stabilization 

o Assess influence of 

• compaction effort      

• compaction moisture content  

• freeze-thaw cycling 

     on the stiffness of RCA and RAP as unbound road base  

o Determine effect of varying RAP or RCA content on 
stiffness of natural aggregate used as unbound road base 
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Materials 

RCA: 7 

RAP: 7 

RPM: 2 

California 

Minnesota 

Colorado 

Wisconsin Michigan 

Texas 

New Jersey 

Ohio RCA, RAP 

RCA, RAP RCA, RAP 

RCA, RAP 

RCA, RAP, 
RPM 

RCA, RPM RCA, RAP    RAP 
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Representative Materials 

Gradation RCA RAP 

Coarser Texas Texas 

Medium Michigan California  

Finer  California Minnesota 

o Class 5 (Natural Aggregate) 
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Gradation: RAPs and Class 5 
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Gradation: RCAs and Class 5 
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Test Method 

o Resilient Modulus (Mr) Test 

 

where  σd = deviator stress, εr = recoverable elastic strain 

Mr =
s d

er
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Resilient Modulus 
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  Freeze-Thaw Cycling  
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Freeze-Thaw Cycling  
 

 Specimens  

• Prepared in same manner as resilient     
modulus specimens 

• Retained in freezer for 24 h 

• Thawed at room temperature for 24 h  

 

 After last cycle, specimens extruded frozen and 
thawed inside resilient modulus cell 

  Specimens subjected to 5, 10, 20 cycles  
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Temperature Records for RAPs and RCAs 
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Class 5 (MN)
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Verification of RCA Behavior with Seismic 
Modulus Test 

VP 

Length, L Density, ρ 

         

 
       

 

Constrained Modulus P- Wave Velocity  
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RCAs: Constrained Modulus vs F-T Cycles 
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Compaction Conditions 
Effect of Density (Compaction Effort) 

and Compaction Moisture on 
Modulus 
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RCA
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 Effect of RAP or RCA Content on 
Stiffness of Natural Aggregate 

Blends 
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Materials Selected for Blends 

RAP RCA Natural 
Aggregate 

California  
Minnesota 

 
Minnesota 

(Class 5) Colorado 
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PSD of RAPs and Class 5 Used in Blends 
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PSD of RCA (MN) and Class 5 Used in Blends 
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Compaction Curves: RAP (CA) and RAP (CO) 
Blends 
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Compaction Curve: RCA (MN) Blend 
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Conclusions 

 Freeze-thaw cycling  reduces SRM of RAP and 
natural aggregate.   

• The modulus loss of RAP over 20 cycles is comparable to 
that of natural aggregate (i.e., 28% vs 21%).   

• RAP with finer gradation experienced more modulus loss, 
mostly in 1st 5 cycles. 

 Consistent RCA trend with freeze-thaw cycling 

• Modulus decreases up to 5 cycles, then 

• Modulus increases up to 20 cycles 
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Conclusions continued 

 Seismic modulus testing confirmed resilient 
modulus trend of RCA due to freeze-thaw: 

• A convenient non-destructive test to evaluate the effect of 
freeze thaw cycling on RCA and natural aggregate.  

• Does not work with RAP. 

 Reduction of relative compaction from 95% to 85% 
reduces the SRM of RAP, RCA and natural aggregate 
with comparable average rates (i.e., 37%, 41%, and 
47%, respectively).  

• One RAP sample showed greater sensitivity.  
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Conclusions continued 

 Increase of compaction moisture content  from 2% 
dry to 2% wet of OMC (4% change) reduces the SRM 
of RAP and RCA by 40%.  

• RCA showed greater sensitivity than RAP.  

 Blending recycled materials with natural aggregate 
result in intermediate modulus between the moduli 
of two materials.  

• Recycled materials has higher moduli than natural 
aggregate thus blends increase modulus.  
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Thank You  

• Special thanks to: 
• Dr. Tuncer Edil 

• Dr. Craig Benson 

• Dr. Dante Fratta 

• Ozlem Bozyurt 

• Andrew Keene 

• Ryan Shedivy 
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Waste Pavement Material Breakage process 

Recycled Materials 

Pavement constructed 
using recycled materials 
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Questions?  
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Results: Compaction Moisture Effect  
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Results: Compaction Moisture Effect 
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Seismic Test Method 

t1    t2 

               

 
           

 

Time, t 
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Compaction Curves of Representative 
Materials 
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The change in the fine percentage 

Specimens  

Before 

Compaction 

After 

Compaction 

Fines (%) Fines (%) 

RCA (CA)  0.97  2.52 

RCA (CO) 7.59 7.80 

RCA (MI) 0.80   3.30 

RCA (TX) 3.80 7.37 

Class 5 (MN) 1.84 4.59 

RAP (CA) 1.70 1.86 

RAP (MN) 1.30 4.91 

RAP (OH) 0.81 2.09 

RAP (TX) 1.09 1.92 
*Dry PSD before and after compaction 

  


